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Gesturing at Encoding Enhances Episodic Memory Recall for Older Adults 
Voula Sadie Simhairi 
Gestures have been shown to enhance memory recall for children and adults, but little research 
has investigated the benefits of gesturing to recall in older adult populations. While theory 
suggests that older adults may be less embodied, that their cognitive and perceptual processes 
may be less grounded in their sensorimotor capacities, the literature is unclear on whether or not 
gesturing is still associated with memory in this population. To test the effect of gesturing on 
recall we compare 58 younger (20-29 yrs) and 62 older (60-85yrs) adults’ performance on an 
episodic memory recall task (immediately, and at a 3-week delay) after randomly assigning 
participants to two conditions (instructed gesture or free gesture). In the free gesture condition 
participants were allowed to freely gesture while describing 26 3-second-long vignettes. 
Participants in the instructed gesture condition were additionally asked to provide meaningful 
gestures while providing descriptions to vignettes. Analyzing observational data from the free 
gesture conditions, we found that both immediately and at a delay, younger and older adults 
recalled more of the vignettes that they had spontaneously gestured for than those that they had 
not gestured for. When looking at the effects of instructing gesture, we found that asking older 
adults to gesture increased their overall recall of vignettes at a delay when compared to older 
adults left to freely gesture. The same increase to recall was not found for younger adults. These 
findings suggest that spontaneous gesturing at encoding is just as significant to episodic memory 
recall for older adults as it is for younger adults, and that asking older adults to gesture may 
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1. Introduction: Objective and Rationale 
Life expectancy has significantly increased over the last century, this has resulted in a 
rise in individuals experiencing cognitive decline. Cognitive decline is said to be one of the 
greatest health threats of the twenty-first century (Bishop, Lu, & Yanker, 2010), and has caused 
growing concern about how to increase quality of life for aging individuals and their families. 
Most research outside the medical field that demonstrates cognitive improvements, or 
suggests protective factors to cognitive decline, have come from looking at the positive effects of 
long-term changes like physical activity, imbedding cognitively stimulating environments, and 
nutritional changes (like Caloric Restriction) (Colman, Anderson, & Johnson, 2001; Chapman, 
et. al., 2013; Churchill, Galvez, Colcombe, Swain, & Greenough, 2002; Klimova & Kuca, 2015). 
The market, on the other hand, has responded with a boom in “brain games” and training tasks 
aimed at the more immediate enhancement of semantic memory, problem solving, spatial 
reasoning, speed of processing, and working memory. Research however often shows no 
success, or only limited success and transfer from one training task to another (Ball, et. al. 2002) 
(however, see also Toril, Reales, & Ballesteros, 2014). This has lead researchers such as Park, et. 
al. (2007) to argue that alternative methods with possibly more direct results should be 
investigated. 
My particular interest is in the amelioration of the episodic memory difficulties that come 
with aging. Episodic memory is characterized as the representation of relations between events 





also described as the memory of “what happened, where and when” (Easton & Eacott, 2008; 
Eichenbaum, 20017). It is well documented that episodic memory abilities decline with age 
(Light, 1991). This decline affects an individual’s ability to function normally, recollect events, 
and complete tasks, but it is also one of the leading causes psychological distress reported by 
older adults (Bishop, Lu, & Yanker, 2010).  
While aging is also paired with neurological deterioration (Park & Reuter-Lorenz, 2009), 
neurological findings suggest that older adults may underperform on some memory tasks 
because of a failure to recruit required brain regions effectively, and not because of loss to 
neuronal or functional capacity (Cabeza, Anderson, & McIntosh, 2002; Gershberg & 
Shimamura, 1995). This is reinforced by evidence that with the provision of support, such as the 
addition of semantically elaborative cues during encoding or recall, older adults’ memory returns 
to normal.  
Semantic elaboration is the additional investment of cognitive effort by an individual 
through the integration of some aspect of self-generation, organization, or other congruent events 
to a learning task (Schulman 1974; Craik & Lockhart, 1972; Boers & Lindstromberg, 2009). To 
illustrate, Logan et. al (2002) showed that older adults’ memory for a list of words became 
comparable to that of a younger group when participants had to decide if a word represented 
something concrete or abstract. This has also been demonstrated when older adults are provided 
with rich pictorial stimuli (Luo, Hendticks, & Craik, 2007), and more recently when older adults 
are asked to draw representations of words (Fernandes, Wammes, & Meade, 2018). These 
findings suggest that there are aspects of old age forgetting that can be reversed with little effort 





An argument has been made that the reliance on external support to improve cognitive 
performance in older adults may contribute to older adults decreased cognitive function in the 
absence of support (Lindenberger & Mayr, 2014). To avoid this potential issue my research 
examines the potential use of a self-generated, readily available elaborative strategy to improve 
episodic memory for older adult populations. Specifically, I am interested in investigating the 
ability of one’s own gesturing (self - produced gestures) during encoding to act as an elaborative 
strategy with the intention of improving memory performance for older adults. 
Self-produced gestures have been found a successful elaborative strategy in children and 
adults. For example, adult second language learners showed better memory for phrases when 
they were taught with supplemental gestures during encoding (Allen, 1995). The same was found 
for French preschoolers being taught English words. Pre-schoolers remembered more words if 
they were asked to perform meaningful gestures during encoding than if they were given 
supplemental pictures with the words (Tellier, 2008). Children instructed to gesture while 
learning math problems have also been shown to learn more quickly and perform better on later 
math tasks (Cook, Mitchell, & Goldin-Meadow, 2008).  
These findings, among others, demonstrate that gesturing can be used as an effective 
learning strategy with adults and children. Although intuition may suggest that these findings 
would extend to older adults, there has been little research on the relationship between gestures 
and memory in older adult populations.  
The beneficial effects of gesturing to memory have only on few occasions been studied in 
older populations. While my particular question is if self-generated gestures during encoding will 
improve episodic memory, I review the gesture literature in older adult populations whether 





at recall. While research with younger populations often cites positive findings with the 
integration of gesture in these conditions (e.g. Stevanoni & Salamon, 2005; Hostetter, 2011), the 
few studies with older adults have often had negative outcomes. I argue that this may be because 
of study design. 
 I begin Chapter 2 with a review of theoretical frameworks that may inform arguments 
about the usefulness of gesturing during encoding for memory and recall with older adult 
populations. I then assess previous research on gesturing with children and adult populations. 
Research with children and adults is more robust and may provide insights into the critique and 
the design of research with older adult populations. I follow this with a review of studies 
conducted with older adults and consider critical aspects of study design such as population 
selection and meaningfulness of gesture to the task based on the insights gained from the 
theoretical review and findings from the review of research with younger populations. I end my 
review with a description and analysis of pilot work to set the groundwork for my main study. 
My pilot studies replicate a study by Cook, Yip and Golden-Meadow (2010) in which a 
meaningful instance of self-produced gestures at encoding was found to improve recall for young 
adults, and I extend this study design to older adults. This pilot work sets the foundation for my 
dissertation’s main study – a 2 x 2 design that assessed the effects of Age (Younger (20-29yrs) 
vs Older(60-85yrs)) and Gesture Condition (Free Gesture vs Instructed Gesture) on memory 
recall for an episodic event. In Chapter 3 I outline the methods used for my study, I describe 







 Literature Review 
2.1 Cognitive Load Theory 
Sweller’s (1988) Cognitive Load Theory (CLT) suggests that individuals’ limited capacity 
to store and work with information in working memory can be attenuated by the interactivity of 
information. CLT posits that the addition of associative or generative cues to a task might 
increase interactivity and decrease cognitive load (Paas, Renkl, & Sweller, 2003). Working 
memory, the simultaneous short-term maintenance and manipulation of information in which all 
cognitive processing occurs, can only handle a limited number of new and independent elements. 
Far less than the number of elements that occur in most stimuli and human activity (Baddeley 
2010; Chai, Hamid, & Abdullah, 2018). CLT suggests that the interactivity of stimuli, their 
relation, and meaningfulness to one another allows for the processing of larger amounts of 
information and for effective retention to long term memory (the ability to store and remember 
information in the long-term). This is often cited as the theoretical argument for adding 
meaningful elaborative cues to instruction with children (Sweller, 2011; Paas, Renkl, & Sweller, 
2004; Chandler & Sweller, 1991). 
2.2 Elaborative Designs with Children 
Large amounts of resources have been expended on educational research aiming to 
enhance children’s learning and memory. While the benefits of rote rehearsal, the positive effects 
of repeating information at encoding for better recall, were first noted by Rundus (1971), this 





Semantic elaboration relates to the additional investment of cognitive effort by an individual by 
adding some aspect of self-generation or organization (Craik & Lockhart, 1972; Boers & 
Lindstromberg, 2009). This was first proposed by Craik & Lockhart’s (1972) Levels of 
Processing Framework which posits that information processed more elaborately can be better 
retained. Common instances of this in practice are when instructors ask students to use 
vocabulary in a meaningful sentence, or to draw a diagram to represent information in a chapter.  
Today, successful instances of learning can often be explained in part because of their 
ability to decrease cognitive load, often through some form of semantic elaboration. Noted are 
the benefits of students using visualizations and different media to represent information 
(Gellevij, Meij, Jong, & Pieters, 2010; Kirschner, Carr, Van Merriënboer, & Sloep, 2002), of 
drawing (Fernandes, Wammes, & Meade, 2018), of using analogies (Gentner, 1983), of deducing 
(Johnson-Laird & Byrne, 1991), of using mental imagery (Black, 2007; Rademaker & Pearson, 
2012), of enacting, or acting out information (especially for action phrases and events) 
(Endelkamp & Krumnacker, 1980; Cohen, 1981), and of using gestures or directly manipulating 
material (Segal, Tverskey, & Black, 2014; Cook, Yip, & Goldin-Meadow, 2010; Jang, Vitale, 
Jyung, & Black, 2017), among others. These methods contribute to the rich and elaborate 
suggestions for curriculum design and instruction all of which are grounded in CLT. However, 
research into semantic elaboration has often stayed within the realm of education. Research on 
the potential benefits of semantic elaboration for older adult populations is less prominent and 
demonstrates inconsistent results. With the cognitive decline that older adults experience, it 
seems viable to consider semantic elaboration as a possible means of cuing improvements to 





2.3 Elaborative Designs with Older Adults 
2.3.1 Cognitive Decline 
A meta-analysis by Park & Reuter-Lorenz (2009) showed that performance on tasks 
requiring working memory, processing speed (the speed at which information can be processed), 
and long-term memory (the ability to store and remember information in the long-term), 
systematically decreases with aging beginning in one’s late 20’s, with more severe consequences 
after ones 50’s1. Research also shows particular detriment to inhibitory control. Inhibitory 
control is our ability to suppress attention to unwanted stimuli, regulate distractions and ignore 
irrelevant information (Hasher & Zacks, 1988). This decline to cognitive functions effects 
effortful strategic processes in memory (Hasher & Zacks, 1979), and represents a decline in 
cognitive processes involved in almost all information processing.  
Sustained abilities include short term memory (a component of working memory 
responsible for the initial holding of a small, limited, number of items), autobiographical 
memory, emotional processed, word knowledge (knowledge of words and their meaning), and 
most automatic processes (Hedden & Gabrieli, 2004, Park & Reuter-Lorenz, 2009).  
Neurological findings mirror what may be expected of cognitive decline, indicating 
decreases in effectivity of neurotransmitter functioning (Volkow, 1996), and other neurological 
changes like decreased in volume to the Pre-Frontal Cortex (PFC), a brain area responsible for 
 
1 Executive function is a cognitive function also effected by aging. Executive function is often understood as an 
encompassing term including cognitive mechanism that help goal orientation and manipulation of information stored 
in working memory, particularly for the switching between several tasks. While some characterize it as is a separate 
component of cognitive function, it is often considered a composite of other cognitive functions, or an extension of 
working memory. For this purpose, I do not specifically cover it in detail in my analysis. For more information see 






most executive functions (Raz et. al. 1994; 2005), and decreased integrity to white matter (Head, 
et. al., 2003), among other changes.  
2.3.2 Decreasing Cognitive Load and the Under-Recruitment Argument 
Despite this neurological deterioration, neurological findings suggest that older adults 
may underperform on memory tasks because of a failure to recruit required brain regions 
effectively, and not because of loss to neuronal or functional capacity (Cabeza, Anderson, & 
McIntosh, 2002; Gershberg & Shimamura, 1995). This is supported by research that shows that 
older adults’ performance is sometimes returned to normal when an elaborative cue or some 
multimodal dimensions are added to information. Interestingly, the benefits that ecru are 
sometimes greater for older adults than for young adults.  
For example, Logan et al. (2002) showed that older adults’ performance increased to 
almost match performance of younger adults when they were asked to elaborate whether a word 
represented a concrete or abstract entity during encoding. The younger adults on the other hand 
performed the same with or without the cue. In a test for speed of processing and recognition, 
Lauienti et. al. (2006) found that older adults benefitted significantly more that younger adults 
from bimodal presentation of stimuli. Their design required participants to discriminate between 
red and blue stimuli unimodally (presented either visually as colored circles or auditorily as 
words), and bimodally (both auditory and visually) and they found that older adults benefited 
more from the visual and auditory presentation than younger adults. They concluded that the 
bimodal presentation provided a compensatory strategy for older adults. In more recent work 
Fernandes, Wammes, and Meade (2018) showed that older adults when compared to younger 
adults, recalled more words when they were asked to elaborate by drawing at encoding than 





The decline in working memory and inhibitory control, results in an increased sensitivity 
to load and may explain why older adults’ memory might benefit more from support during 
encoding than younger adults. The deterioration in effortful strategic processes in memory 
suggests that adding a component of elaboration might facilitate the encoding of information by 
elderly participants who experience difficulties in self-initiating memorization strategies. 
Although liteture suggests that there are aspects of old age forgetting that may be reversible with 
little effort by the provision of effective elaborative cues. The investigation into the use of 
semantically elaborative techniques to improve cognition has been sparse and inconsistent in the 
older adult literature.  
 It is important to note however, that the literature also shows that adding stimuli to tasks 
may negatively impact older adults’ performance compared to younger adults. The next few 
sections will investigate these findings further. 
2.3.3 When is Cognitive Load Increased? 
 Older adult’s cognition has often been found to be more negatively affected by the addition 
of elaborative or multi-modal cues than young adults. Importantly, this is often by stimuli 
considered distracting, or unrelated to the task (e.g. Rowe, Valderrama, Hasher, & Lenertowicz, 
2006; Heally, Campbell, & Hasher, 2008). For example, Poliakoff et. al. (2006) showed that 
older adults are less able to ignore irrelevant information provided simultaneously to relevant 
information. Participants were asked to attend to vibrotactile information in their fingers, while 
inhibiting concurrent visual distractors. In a second trial the required attended stimuli and 
ignored stimuli were reversed. Participants’ performance was then compared to how they 
responded when stimuli were presented separately. Poliakoff et. al. (2006) found that older 





younger groups and further increased as the bimodal stimuli became more incongruent. They 
concluded that aging has detrimental effects to selective attention.  Additionally, Laurenco and 
Maylor (2015) tested recall for a simultaneously paired distractor with irrelevant information (a 
word superimposed onto a picture), separately from a target task (the picture), and found that 
older adults recall was significantly decreased compared to younger adults on the paired trials.  
However, in a follow up study Laurenco and Maylor (2015) found that if the distractor task was 
relevant to the picture (ex. name of an animal superimposed onto the picture of an animal), then 
even if older adults did not remember seeing the word, their memory increased more than the 
increase for younger adults. This implies that older adults suffer more from distracting tasks, but 
that meaningful pairings of a task to other stimuli may compensate for forgetting in older adults.  
 This is supported by CLT which suggests that if additional information is not seen as 
particularly meaningful or related it would lead to cognitive overload and decreased 
performance. If older adults reach cognitive capacity at a lighter load than young adults it 
follows that they would be more negatively affected by unrelated or unmeaningful stimuli than 
young adults would. 
2.3.4 Meaningfulness and Integrative Power of a Cue  
The interplay between cognitive load theory and the cognitive deficits faced by older 
adults means increased variability in outcomes when elaborative cues are tested with older adults 
than with younger adults. While one theory is that the decrease in older adults’ working memory 
and inhibitory control would lead to greater difficulty in managing elaborative cues and 
associations leading to an increase to cognitive load and decrease in performance. The seemingly 
opposite theory is that elaborative designs success in decreasing cognitive load with younger 





The research presented above suggests that older adults can benefit from semantic elaboration, 
and that cognitive overload and a decrease in performance is found when additional information, 
or the elaborative strategy, is not seen as relevant and meaningful to the task.  
2.3.5 What Kind of Cue? And What Kind of Memory? 
An argument has been made that relying on external support to improve cognitive 
performance in older adults may contribute to older adults decreased cognitive function in the 
absence of support (Lindenberger & Mayr, 2014). It could also be argued that some of the 
researched elaborative cues may be impractical for older adults to implement in their daily lives. 
For example, Logan et. al.’s (2002) elaborative cue had older adults think about the concreteness 
of a word, Cabeza et. al (2002) had adults think of emotional attachment to words, and 
Fernandes, Wammes, and Meade (2018) had them draw. While these provide evidence of older 
adults’ ability to improve memory with an elaborative strategy, these techniques may be hard for 
adults to consistently apply, or to find relevant to information they might be attempting to 
remember. It seems pertinent then to think of a more direct cue that can be used practically, 
efficiently, and more locally. I look for a cue that seems to come naturally, is consistently 
available, and has been successful with younger populations.  
Gestures 
The use of gestures has been shown to correlate with thinking and speech. Research 
shows that instructing gesture can often lead to cognitive improvements in thought, problem 
solving, spatial thinking, and memory for certain events particularly with children (see below for 
a review). It is argued that meaningful instances of gesture help with childrens’ limited inhibitory 
control, as well as by decreasing working memory load (Cook, Yip, & Golden-Meadow, 2012). 





inhibitory control is also decreased, the question of whether gesture can be used as an elaborative 
cue with older adults to support memory for this population seems viable.  
2.4 Controlling for Variance in an Aging Population 
Before proceeding to analyze research on gesturing in the older adult literature, it is 
important to address the difficulty of accessing representative samples of older adults for 
research. The variance in cognitive performance with aging makes it hard to compare research 
cross-sectionally as well as to generalize findings in the older adult literature (Blazer & Yaffe, 
2015). I will discuss these concerns and methods that researchers have used to better define 
samples so that they can more likely be representative and so that we can better analyze the 
literature on gesturing with older adults. 
Recognizing the difference between the cognitive changes in normal aging, those from 
pathological processes that can accompany aging, as well as other factors that can dramatically 
affect cognitive performance is important. Aging is associated with high risk for pathological 
disorders like Alzheimer’s disease, Parkinson’s disease, and chronic health conditions like 
diabetes, hypertension and arteriosclerosis. These severely effect cognition, even in the years 
leading up to their diagnosis (Hedden & Gabrieli, 2004). Stern’s (2002) Cognitive Reserve also 
suggests that education and other lifestyle factors such as occupational attainment, literacy, and 
even socialization, can influence cognitive status of older adults of the same age (Stern, 2002; 
Stern, 2009). These findings imply that cognitive performance will vary dramatically between 
individuals in a random sample of older adults, say 60-90 years old. Incidentally, when it comes 
to effective research practice, considering any sample of older adults as representative of the 
complete population of ‘older adults’ is nonsensical. For the purpose of research, the ‘older 





lifetime protective factors and pre-existing health conditions that may cause pathological 
disorders and cognitive differences between groups of older adults. 
2.4.1 Age 
It is important to note first that when researchers investigate older adulthood, there is 
often no standardized age grouping. While some define their “old” groups as 65-85; others use 
varying age groupings of 60+, 60-75, and still other variations (e.g. Logan et al., 2002; 
Ouwehand, Van Gog, & Paas, 2015; Feyereisen, 2009). As discussed, there is no reason to 
assume that these populations would behave similarly, and so it is hard to assume that these 
samples would all be representative of all ‘older adults’ without additional controls. To illustrate, 
Logan et al. (2002) showed that when they distinguished between old (60-76) and “old-old” 
(76+) in their original 60 + sample, the two populations performed significantly differently on 
their semantic recollection task. They also had different brain activation patterns as demonstrated 
by fMRI. This illustrates the difficulty of comparing research across older adult samples and 
implies one should be cautious to consider their age selection when drawing conclusions.  
2.4.2 Cognitive Reserve and Protective Factors 
It is also argued that individuals with higher Cognitive Reserve are able to sustain higher 
levels of brain pathology before showing impairment. Social Economic Status (SES) is one of 
the highest predictors of cognitive functioning (Kun et. al., 2014), and one of the best predictors 
and most consistent evaluators of SES is education (Blazer, Yaffe, & Liverman, 2015). In older 
adults without dementia, education is consistently shown to be associated with cognitive 
performance (Singh-Manoux et. al., 2011; Meng & D’Arcy, 2007). Studies have also found 
effects of literacy (Jefferson et. al., 2009), and intellectual engagement (Wilson et. al., 2013) on 





(Barnes et. al., 2013), and physical education. For example, a 2014 meta-analysis on associations 
between physical activity, cognitive decline and dementia showed that physically active adults 
had a 35 percent lower risk of cognitive decline than those who were inactive (Blondell et. al., 
2014). While one cannot consider all aspects of Cognitive Reserve in their sample, it has become 
more common to consider education when selecting a sample of older adults (e.g Feyereisen, 
2009; Henkel, 2014). 
2.4.3 Health and MCI Screening 
With aging comes an increase in health conditions, like coronary heart disorders, 
hypertension, and diabetes that can contribute to cognitive decline, as well as pathological 
symptoms that prelude the development of disorders like Alzheimer’s and Parkinson’s. To 
distinguish between older adults with normal symptoms of cognitive decline for their age, and 
those with pathological symptoms, researchers use various forms of exclusion criteria.  
Often, a heath questionnaire is conducted to eliminate previous health conditions that 
could affect cognition such as: prescriptions for high blood pressure, history of neurological or 
coronary heart conditions like hypertension, and psychological conditions like depression, 
among others. While these vary from one researcher to another, one common practice found is 
Crook et. al. (1986)’s diagnostic criteria.  
Another common practice is to assess for Mild Cognitive Impairment (MCI). MCI is a 
transitional stage between normal aging and dementia which shows preliminary signs of poor 
performance on memory tasks but does not qualify for pathological diagnostic criteria for 
Alzheimer’s disease (Petersen, 1999). Researchers use different assessments to control for MCI, 
but most popular is the Mini Mental State Examination (MMSE) (Milne, Culverwell, Guss, 





development of the Montreal Cognitive Assessment (MoCA) (Mitchel, 2009). The MoCA is 
often used because of its ease of administration, convenient length, and more recent arguments 
about better accuracy than the MMSE. A Meta-analysis by Ciesielska, et. al. (2016) found that 
the MoCA test better meets the criteria for screening tests for the detection of MCI among 
patients over 60 years of age than the MMSE, particularly with cutoff scores of 24 or 25.  In their 
sample of 9350 the sensitivity was 80.48 % (about 20 % higher than the MMSE). More standard 
practice in the literature is a cutoff of 26/30, the cutoff point suggested when the MoCA was 
originally published, such a cut of point encompasses all cutoff points considered in the literature 
that sometimes suggest stratified cutoff points by race ranging from 22-26 (Milani, Marsiske, 
Cottler, Chen, & Striley, 2018).  
2.4.4 Conclusion: Cohort Considerations 
Controlling for aspects of the variance in cognitive performance across the same age 
group in older adulthood is necessary if one is to be able to better compare research and make 
sound conclusions about the sample and extrapolate to the population. Of course, one cannot 
control for all of these variables. Research with older adults is particularly difficult because of 
the different ways that researchers define (or do not define) their sample of older adults (Blazer 
& Yaffe, 2015). Unfortunately, older research literature does not always control for these 
differences, making it more difficult to compare cohort differences cross-sectionally and make 
sound conclusions. However, the literature generally finds varying degrees of control for samples 
of older adults through the use of health screening for pre-existing health conditions, assessment 
for Mild Cognitive Impairment (MCI), and if considering Cognitive Reserve, at the very least a 
control for Education. In my own research I follow this medium-to-conservative selection 





criteria, I conduct the MOCA at a cutoff of 26, and control for Education by requiring 
participants to have completed 3 years of University level education and take older adults 
between the ages of 60 and 85. 
2.5 Gesture as a Cue 
2.5.1 What are Gestures? And Why Might They be Useful to Memory Recall? 
Gestures are produced in a variety of contexts and across different stages in development 
and learning (McNeil, 1992).  Gestures come in three general forms: beat gestures, deitic 
gestures (point and trace), and iconic gesture. Beat gestures are hand movements that accompany 
the rhythm of speech. They are not considered to convey any substantial information but can 
help draw attention and keep the rhythm of speech. Deitic gestures indicate locations and places 
of objects (Goldin-Meadow 2003). They are often considered pointing or indicator cues that 
draw attention to locations or objects. Iconic gestures on the other hand are considered to reflect 
ones mentalized imagery and convey visual and spatially meaningful information. Iconic 
gestures often look similar to the object, action, or dimensions of the things they represent 
(McNeill & Levy, 1992). Both deitic and iconic gestures are considered representational gestures 
as together they convey effective and meaningful semantic representation of information. In this 
paper, when gesture is referred to it is as a representational gesture, unless otherwise specified. 
Gestures can be performed at encoding or at recall; and can be used by an individual in 
support of their own thoughts, or by observing another person gesture. A number of studies have 
found that memory is enhanced in participants who observe a speaker who is also gesturing 
compared to observing a speaker who is not gesturing, or a gesturer who is not speaking (e.g., 
Thompson, 1995; Kelly et al., 1999). For the purpose of this review however I am more 





Research shows that representational gestures produced by children and adults during 
encoding or recall can often enhance thinking and spatial cognition.  When people rotate their 
hands in the same direction as a mental rotation, they perform better at deciding what a rotated 
shape should look like (Chu & Kita, 2008); when they rotate their hands with the direction of 
gears they can more easily understand how gears work and perform problem solving tasks about 
gear rotation (Schwartz & Black, 1996); when they create virtual diagrams with their hands, they 
make more accurate inferences (Jamalian, Giardino, & Tversky, 2013); when they solve math 
problems they perform better when using congruent gestures (Cook, Yip, & Goldin-Meadow, 
2012). Importantly, while saying a list of words often does little to improve our memory for 
those words (Bahricj & Boucher, 1968; Paivio & Csapo 1973), doing an action has long been 
established to help us remember that action (Cohen 1981; Engelkamo & Krumnacker 1980). 
Phrases that are acted out at encoding are more likely to be subsequently recalled than phrases 
that are verbally encoded into memory (Cohen 1981; Engelkamo & Krumnacker 1980; Saltz & 
Donnenweth-Nolan, 1981). As gestures are actions of the hands, bringing an acting component 
to speech, this opens the floor up to questions about the usefulness of gesturing to memory 
encoding and recall.2  
 
2 Arguments for the particular benefit of body movement and gesture are often supported by Embodied Cognition. 
Embodied Cognition is a theoretical framework for thought that argues that sensorimotor processes have a particular 
influence on cognition (see Loeffer, Raab, & Canal-Bruland, 2016; Engelkamp and Zimmer, 1984; Zimmer, 
Helstrup, & Engelkamp, 2000; for a Review see Wilson & Gogonka, 2013). While this framework may further 
support the use of gesture as a cue for memory when compared to other forms of semantic elaboration, I do not 
argue for the use of gesture as a means of arguing for Embodied Cognition as a framework. While my work may 
shed light on certain aspects of the argument and can be used to inform further research, I do not claim to support 
Embodied Cognition instead of other frameworks of thought like Cognitivism, for example. Cognitivists argue that 
all cognition reflects internal processed, and that any benefit of body movement or Gesture is similar to benefits 
from the addition of any multi-modal technique or elaboration. To give insight to this argument would involve a 
more cumbersome research design comparing similarly novel and complex instances of different elaborative cues 





Children and young adults have been found to benefit when asked to gesture during recall 
of certain events. Speakers’ gesture more when they are trying to remember difficult or 
infrequent words than when trying to recall frequent words (Wesp, Hesse, Keutmann, & 
Wheaton, 2001). Frick-Horbury & Guttentag (1998) found that undergraduates allowed to 
gesture while trying to recall tip-of-the tongue states were more likely to recall the words than 
speakers who were told not to gesture. Tellier (2008) taught French pre-schoolers English words. 
Half of the group learned the lexical items with pictures, while the other half learned them by 
self-performing iconic gestures. Significantly better memorization was obtained through gestures 
when participants were asked to reproduce the gestured during recall. Stevanoni and Salamon 
(2005) took children of 7-8 years old through a play-like story with props, and two weeks later 
asked them to recall the event by either (1) instructing them to use gesture; (2) allowing them to 
use gesture (but not telling them explicitly to); (3) having the researchers use additional gesture 
when asking children to recall; or (4) not allowing them to gesture. They found that children 
remembered the most detail for the event when they were instructed to gesture; concluding that 
encouraging gesture beyond one’s natural tendency enhanced recall of an episodic event 
(although most of the additional details remembered were in gesture form). These suggest that 
gesturing during recall may facilitate a person’s access to that information in memory. 
Although less researched, gesture has also been found to benefit memory and 
performance when suggested during encoding. Allen (1995) studied the influence of gestures on 
memory for second language undergraduate learners. She taught English natives’ short sentences 
in French by reading. For half of the sentences, subjects additionally performed gestures that 
were taught illustrating the sentence’s semantics. Allen (1995) found better memory for phrases 





3rd and 4th grade children’s learning of math problem solving, Cook, Mitchell, and Goldin-
Meadow (2008) found that, compared to children not instructed to gesture, children made to 
gesture when explaining their approach to a math problem learned more quickly and performed 
better on a subsequent math task presented after an explanation. Cook, Yip, and Goldin-meadow 
(2010), found that university students asked to gesture while describing short vignettes for action 
events, remembered more of those vignettes than those that were told not to gesture in both an 
immediate recall task, and even more significantly at a delayed recall task.  
 It is important to note that most of these studies involved comparing an instructed 
gesture group to a forced no-gesture group, and not to a free gesture group. Or, involved a group 
taught specific gestures compared to a group given no cue. This begs the arguments of the accrue 
of cognitive load for individuals forced not to gesture – being forced to do something that is not 
part of a natural habit may require more thinking. Lastly the argument that being taught an 
association such as in Allen (1995) would result in spending more time to learn something than 
in the no cue group. Rarely are accounts of significance comparing between free gesture and 
instructed gesture or instructed gesture and other cued conditions. One instance of success 
however is Mayer, Yildiz, Macedonia and Von Kriegstein (2012). They had adults learn novel 
words either by pairing them to a picture or to a gesture. Participants were either instructed to use 
iconic gestures or asked to produce a drawing outline of the word’s concept in the air. When 
compared to the baseline (reading and hearing the words), they found that performing gestures 
was more efficient than learning by drawing pictures; they found even more significance to 
memory for the iconic gesture group at a delayed recall task.  
Importantly, it has been emphasized, that most instances of successful use of gesture for 





task.  Macedonia et. al. (2011) cued participants to accompany made up words of an artificial 
meaning either with illustrative or meaningless gestures. Memory results were significantly 
better for words learned with illustrative gestures in the short- and the long-term (60 days) than 
those who produced the meaningless gestures.  Cook, Yip, and Goldin-Meadow (2012) 
investigated the use of meaningful versus non-meaningful gesture during encoding of a working 
memory task with college students. Participants either used meaningful gesture, made non-
meaningful but rhythmic movements, or made no gesture when explaining their method to solve 
a mathematical equation. During their explanation, they were asked to remember 6 consonants, 
and subsequently to recall these consonants. Cook, Yip and Goldin-Meadow (2012) found that 
participants in the meaningful gesture condition recalled more consonants than those in the other 
conditions, concluding that the act of gesturing, particularly when meaningful, enhanced 
encoding during a working memory task by decreasing working memory load. Kang, S., & 
Tversky, B. (2016) compared the used of different kinds of gestural conditions used to describe a 
dynamic system and found that gestures that mapped more directly to meaning improved 
comprehension and learning of the system.  
While research has demonstrated benefits of meaningful gesture during encoding and 
recall to memory of semantic and episodic events, thinking, and problem solving in children and 
adults, limited research with older adults presents mixed findings. 
2.5.2 Are Older Adults Less Embodied? 
 Researchers argue that older adults’ cognitive and perceptual processes are less grounded 
in their sensorimotor capacities (that older adults are less embodied than younger adults). With 
age comes sensory and physical changes. A decline in perception (Ulfhak et al. 2002), loss of 





2013; Visser et. al. 2002), and change in height and posture (DiPietro, 2001), among others. 
These bodily changes are paired with changes in physical movement and decreases to balance 
and control (Mau-Moeller et. al. 2013; Laughton et al. 2003). In a meta-analysis Costello and 
Bloesch (2017) concluded that older adults, when compared to young adults, rely more on visual 
processing, and less on bodily factors (kinesthetic, tactile or proprioceptive) when it comes to 
sensory processing, mental imagery, and the perception-action link. Embodiment theory suggests 
that there is some link between the body and cognition. Supporters of this theory would argue 
that there is something particularly significant about the body and its particular contribution to 
cognition (Foglia & Wilson, 2013). That the body influences the mind and the mind the body. 
Whether one subscribes to embodiment theory or not, it seems plausible that with such physical 
changes with aging older adults may perceive gestural manipulations as more difficult and as less 
relevant than children or adults would. Supporting this line of thought, some researchers argue, 
that the addition of gesture to to-be-remembered information may increase cognitive load in this 
population and lead to hindered performance (Moffat, 2009; Seidler et. al., 2010, Ouwehand, & 
Paas, 2012). This suggests that gesturing while processing information may increase cognitive 
load and hinder performance in this population (Moffat, 2009; Seidler et. al., 2010). 
2.5.3 A Contradictory Prediction 
On the other hand, it could be argued that just as meaningful gesture manipulations are 
argued to improve working memory capacity and inhibitory control for children, they may do the 
same for older adults who spent a large percentage of their lives (and many more years than 
children or young adults) grounded in their sensorimotor capacities. Even if older adults are 
suggested to be less embodied, just as with the argument of under-recruitment, there is no reason 





no longer spontaneously use these cues as effectively. If this is the case, the addition of gestural 
cues may be more beneficial to older adults than younger adults, leading to a decrease in 
cognitive load and to improved performance.  
Given these nuances I suggest that when evaluating or designing research with older 
adults to investigate the benefits of elaborative cues such as gesturing, that we look to successful 
research with children and adults first. This will allow for initial insight into the meaningfulness 
of the cue to the task, to allow for a better design with older adults that will allow more astute 
analysis of the interplay of gesturing, cognitive decline, and CLT in older populations. 
2.6 Older Adults and Gesture 
The benefits of gesturing to memory have only on few occasions been studied in older 
adults. While my particular question is if self-generated gestures during encoding will improve 
episodic memory, I review the gesture literature in older populations whether gesture was self-
generated, presented by an instructor, manipulated at encoding, or manipulated at recall. While 
research with younger populations often cites positive findings with the integration of gesture in 
these conditions (e.g. Stevanoni & Salamon, 2005; Hostetter, 2011), the few studies with older 
adults usually have negative outcomes.  
In a study by Thompson and Guzman (1999), a dichotic shadowing task was used to 
illustrate that older adults’ did not benefit from the addition of gestures to a visual stimulus. Two 
different auditory stimuli were placed in participants left and right ear, and participants were 
asked to repeat the stimuli in a signaled ear. Simultaneously, participants watched a screen where 
an individual either did nothing, produced visual speech congruent to the target auditory stimuli, 
or produced both visual speech and gesture congruent to the target audio stimuli. They found that 





They argued that since older adults display less working memory capacity, they have a reduced 
ability to simultaneously process multiple elements of input and are less able to filter irrelevant 
information and process the information.  
Their task was particularly taxing on attention, and sentences used were convoluted and 
similar which may have resulted in little distinguishability between gestures. For example, 
"Susan has been waiting for a knight in shining armor to rescue her from the dragon," appeared 
along with "Susan has been waiting for a night of peace and quiet with her two young kids." The 
design also does not require observes to pay attention to the gestures or visuals on screen. As 
such, while this study may suggest that older adults have a reduced will to simultaneously attend 
to multiple elements of input it does not necessarily imply that gestures added to visuals would 
not be useful in a different, less taxing, design. 
In a study assessing if gestures added to video-based explanations of problem-solving 
would benefit performance, Ouwehand, Van Gog, and Paas (2015) found that older adults’ 
performance was not enhanced by the addition of gestures to the videos. The gestures used in 
this study were pointing cues and arrows onscreen as a presenter explained how to solve a 
problem-solving task. Ouwehand, Van Gog, and Paas (2015) also found no effect of the gesture 
condition for younger adults. Studies with young adults often find that adding pointing cues to 
lessons helps learning (see Hostetter, 2011). The contradictory finding in Ouwehand, Van Gog, 
and Pass’s (2015) younger population may imply that there is something about the study design 
that rendered the gestures less effective than in other studies.  
Examining performance of younger and older adults on a comprehension task Cocks 
(2011) found that older adults did not benefit from the addition of gestures to verbal 





the research described earlier, Cocks’ (2011) design had gestures add additional information that 
was not presented verbally; in turn their findings were that older adults did not integrate verbal 
and gesture information as well as younger adults. This however, similar to Thompson and 
Guzman’s (1999) design, is dissimilar to an argument about memory for information presented 
verbally versus the same information presented both verbally and with gesture. To indicate 
effective comprehension in this task older adults would have had to combine the verbal and 
gesture information. In their literature review investigating mind-body relations in older adults 
Costello & Bloesch (2017) demonstrate that older adults pay more attention to visual stimuli than 
to bodily (kinesthetic, tactile, proprioceptive) factors when compared to younger adults. Given 
this finding, it seems reasonable that without specific direction to attend to gesture, Cocks (2011) 
would not find that older adults integrated meanings from gesture with those from verbal 
instruction.  
These results run counter to the literature with children and young adults in which gesture 
has been found useful to memory. However, the designs of these studies are also not particularly 
similar to designs with younger adults.  
To my knowledge, one of the only studies that successfully demonstrated gesturing to be 
useful to memory in an older population is Feyereisen (2009). Feyereisen’s (2009) study uses an 
established instance of enactment that has been demonstrated with children and adults in 
multiple studies (e.g. Cohen, 1981; Denis et. al. ,1991) and extends this to an older population. 
The pairing of body movements with action phrases like “wave goodbye”, or “cut a paper with 
scissors”, leading to improvements in memory is called the enactment effect and has been 
demonstrated multiple times with children and young adults (Engelkamp & Zimmer, 1989; 





Feyereisen, (2009) investigated the effects of enactment during encoding on recognition 
and cued recall of action phrases in younger undergraduate and older adults and found 
improvements when gesture was allowed with older adults for both subject performed tasks 
(SPT) and experimenter performed tasks (EPT). Participants listened to action phrases (ex. Hug 
the bear) and were then asked to either mime and read the phrase, read the phrase twice, or watch 
an experimenter mime the phrase as they read it. This was followed with a recognition and cued 
recall task. For both populations, those in the mime and read, and watch and read, outperformed 
the read and read group. This is one of the few examples in the older adult literature that used an 
established meaningful instance of gesture and their results demonstrate improvements to 
memory. Their design however specifically investigates enactment of participant led action 
sentences, which is different than an assessment of using gesture to describe episodic events that 
do not involve the self. Also, they used a recognition and cued recall task, but for our interest we 
ask if older adults self-generated gesture during encoding can aid memory when there is no other 
cue provided at recall. 
2.6.1 Additional Design Confounds 
Another confounding variable in these experiments that should be mentioned is the 
variability in the definition of the older population. As explained previously, studies with older 
adults should control for age, education, health, or other lifestyle factors which have been shown 
to result in differences in the cognitive performance of older adults of the same age. To outline, 
while Ouwehand, Van Gog, and Paas (2015) chose participant of 50-86 years without controlling 
for education (as a result, arguably, the baseline cognitive performance of the older group is 
unclear and may have been similar to the younger group), Feyereisen (2009)’s participants were 





assessments prior to the experiment. The differences in these populations make it hard to 
generalize conclusions to performance of ‘older adults’. 
2.6.2 Implications 
The small number of studies on this topic, the incongruence between well documented 
cases of success with younger participants and older adult, and the inconsistencies in defining the 
older populations in these studies calls for further investigation. In two pilot experiments I aimed 
to extend successful research with children and younger adults to the older adult population. 
Particularly I look to Cook, Yip and Golden-Meadow (2010). 
2.7 Cook Yip and Golden-Meadow (2010) 
Cook, Yip, and Goldin-Meadow (2010) investigated if gesturing during encoding increases 
memory for short action vignettes (a watched event) in university students and found positive 
results. Their design uses an established meaningful instance of gesture and addresses the 
specific relation between episodic memory and use of gesture during encoding. Hence in the 
interest of answering the same questions with older adults it seemed reasonable to consider 
replicating their design. 
 In Study 1, Cook, Yip, and Goldin-Meadow (2010) investigate if gestures produced during 
encoding information impact recall. They presented 17 undergraduate university students with 
23, 3-second action vignettes (ex. a dog jumping over a fence) and asked them to give detailed 
descriptions of each vignette while being recorded. After a distractor task, participants were 
asked to recall the vignettes immediately, and again 3 weeks later. Using mixed logistic 
regression to predict probability of recalling each item, Cook, Yip, and Goldin-Meadow (2010) 





and more so at delayed recall. They concluded that spontaneous gesture seemed to facilitate 
recall particularly at delay. 
  In order to make the case that gesture itself was having an effect on recall, and not just that 
there is some mere association between gesturing and memory Cook, Yip and Golden-Meadow 
(2010) conducted a second study in which they manipulated gesture. They ran two groups, of 48 
undergraduates in total, one instructed to gesture, and the other instructed to keep their hands 
still, and assessed recall for both groups immediately and at the three-week delay. They found 
that the gesture group remembered significantly more videos than the no gesture group, 
particularly at delay.  
 Cook, Yip and Goldin-Meadow’s (2010) design assesses gesturing’s ability to enhance 
memory at encoding for adults and finds significant results. To test if gesturing has the ability to 
enhance memory at encoding for older adults, I suggest replicating this study while adding a 
well-defined older population. Doing so will elucidates any confounding arguments that non-
significance could be because gesture was not relevant to the task. Since older adults have been 
shown to gesture less than young adults (Costello & Bloesch, 2017), and in light of this review, I 
would also like to assess if memory for older participants in an instructed gesture group might 
improve over and above younger adults when compared, not to a no-gesture group, but instead to 
a free gesture group. 
2.8  Pilot One and Two 
 To answer questions about the usefulness of manipulating gesture at encoding for older 
adults, I replicate Cook, Yip, and Goldin-Meadow’s (2010) Study 1 with the addition of an older 
adult population to answer the question: Does gesture during encoding predict recall in older 





answer the question: Will older adults instructed to gesture during encoding recall more than 
those allowed to freely gesture? 
Hypothesis: 
1. Spontaneous gesturing during encoding will predict immediate and delayed recall for 
both Younger and Older adults. 
2. Older adults instructed to gesture during encoding will recall more vignettes than those 
allowed to freely gesture at immediate and delayed recall. 
2.8.1 Experiment One 
In Experiment 1, college students and an older adult population (aged 60 - 85) in the 
United States were asked to watch individual action vignettes on a computer and describe each 
vignette separately while being recorded. To test Hypothesis 1, I analyzed participants use of 
gesture during their descriptions, and then assessed if gesturing while describing the vignettes 
was predictive of memory recall for the vignettes immediately, and then again at a three-week 
delay. 
Methods 
Participants and Design  
Fifteen younger (10 females, range 20-26 years, mean age 23.54), and 12 older adults (9 
females, range 60-85 years, mean age 67.54) participated. The younger adults were graduate 
students from Teacher’s College Columbia University who received credit or payment for their 
participation. The older adults were paid volunteers recruited from various senior centers and 
organizations across Manhattan. The mean length of the younger group’s formal education was 
17.46 years (SD= 1.03), and for the older group was 16.64 years (SD= 2.31). Older adults were 





allowed to participate if they had less than 13 years of formal education. Older adults who failed 
the Montreal Cognitive Assessment (received < 23) were excluded as suggested by Ciesielska, 
et. al. (2016). This led to the exclusion of data from one older adult participant. Data for 3 
participants (2 young and 1 old) were additionally excluded due to the production of 
indistinguishable gestures. The decision to exclude was done before checking recall rates. 
Materials 
2.8.1.1.1.1 Vignettes 
Twenty-six, 3-second Vignettes involving spatial movements and actions of objects, 
animals and people were used (e.g. a man picking up a child; a woman petting a dog, a train 
going into a fence).  These vignettes were previously created to elicit descriptions of motion 
events in speech and gesture in Goldin-Meadow, So, Ozyurek, and Mylander (2008). They were 
also used in Cook, Yip and Goldin-Meadow (2010), selected because they elicited gesture in 
pilot work with variability across individuals in the amount of gesture elicited. For a complete 
list of vignettes see Appendix A. 
2.8.1.1.1.2 Language History Questionnaire 
 A Language questionnaire was conducted as a distractor task. This questionnaire was the 
same as that used in Cook, Yip, Goldin-Meadow (2010). Subjects were asked questions about 
the languages they spoke, the fluency with which they spoke them, and other questions related to 
language exposure (e.g. if they had lived in other countries). The questionnaire was timed to be 
about 5 minutes long.  
Procedure 
Participants were told that the study was about how people communicate events to one 





screen). They were first asked to read and sign the consent form, and to remove any objects from 
the table and from their hands. The MOCA was then administered. Following this, the 
experimenter informed participants that the video camera would be turned on. Participants were 
told that they were going to watch 26 3-second vignettes of action events on the computer 
screen, and that after each vignette automatically disappeared from the screen, participants would 
be prompted to describe what they just saw to the experimenter in a few sentences as though the 
experimenter had not seen the vignettes before. They had a trial run with a static image of a 
flower to acquaint themselves with the pace. Vignettes were randomized. 
Following this, the language questionnaire was conducted as a distractor task. The 
experimenter then asked participants to list as many of the vignettes as they could, as completely 
as they could. Note that participants were not aware that they would have to recall the vignettes 
prior to this point. When participants gave vague responses that were not specific or clear the 
experimenter probed the participants. For example, if the participant said, “I remember there was 
a baby” the experimenter would respond “do you remember if the baby did something?” 
Participants were asked to come back three weeks later (Mean younger adults = 21, SD= 
0; Mean older adults = 21.42, SD = 0.32) and were again asked how many of the vignettes they 
recalled. Participants were again unaware prior to this session that memory would be tested. 
2.8.1.1.1.3 Coding 
Speech and gesture produced at all time points were transcribed and coded. Speech 
transcribed included all pauses and hesitations. A particular vignette was considered recalled 
correctly if the participants’ description included the action and an accurate description of an 
actor. For example, in the vignette where a baby crawls to a chicken, if the participants said 





correctly remembered. A vignette was not considered recalled correctly if the semantic elements 
were recalled but their roles were reversed. For example, in the vignette portraying a dog sliding 
to the scooter, if the participant said, “the scooter was sliding to the dog” then the vignette was 
not counted as recollected correctly. In addition, a particular vignette was not counted as correct 
if new items or actions were added. 
A gesture was coded when the participant produced any hand movement that did not 
serve a functional purpose (e.g. pushing hair back, scratching, sneezing). Both representational 
and beat gestures were recorded. But meaningful representational gestures were only analyzed. 
While beat gestures have been found to aid fluency of discourse, representational gestures are 
those that convey meaning and are often assessed in the literature when assessing gestures’ 
ability to aid memory, learning, problem solving, and other cognitive functions.  
A second coder independently coded 50% of participant verbal and gestural responses to 
assess reliability. Agreement for identifying correctly remembered vignettes was 99% (204/206) 
at immediate, and 100 % at delay (46/46). For gesturing, coders agreed on 93.4% of trials 
(352/377). 
Results and Discussion 
How often was each group likely to gesture? 
We compared the use of representational gestures and found that both younger and older 
adults’ gesture on average about 61.8 % of the time. Younger adults gestured 59.39% of the time 
and older 64.42% of the time. For example, when describing the vignette in which a figure in 
uniform swings a bucket in a circle one participant said, “There was a man, like a policeman, and 






Does gesture during encoding affect immediate and delayed recall? 
 First, we used a Mann-Whitney U test to analyze the mean difference in immediate recall 
rates between the younger and older adult groups, the Mann-Whitney was used as a non-
parametric alternative to an independent samples t-test since our data is skewed to the right 
because older adults recalled on average 6.23 (SD = 3.47) of the 26 vignettes and younger adults 
11.77 (SD = 3.07). Row 1 of Table 1 illustrates that there was no significant difference between 
immediate recall in the older (M=10.3 vignettes, SD = 2.6) and younger adults (M=11.77 
vignettes, SD =3.07), W(x)= 59, p=.204. On average, older and younger adults together 
remembered a mean of about 11.04 (SD= 2.84) vignettes.  
 Row 2 of Table 1 shows that while there was no significant difference between groups at 
immediate recall, there was a significant difference between the groups recall rates at Delay, 
W(x) = 21, p <.001.  Older adults remembered only about 7% of the videos (M=1.83 vignettes, 
SD = 1.82), but young adults remembered about 24% (M = 6.23 vignettes, SD = 3.47). 
Table 1. Mann-Whitney U comparing mean recall of 26 vignettes for younger adults to older adults 
at both immediate and delayed time points. 
 Younger Adults Older Adults    

















* = p < .05, ** = p < .01, *** = p < .001. 
 Then we assessed the primary hypothesis that gesturing during encoding is significantly 
associated with immediate and delayed recall for both younger and older adults. Vignettes 
(n=26) and Participants (n=29) are both random factors, so two univariate mixed logistic 
regression models were used to predict the probability of recalling each vignette at Immediate 





Participants) and also a fixed factor for Gesture (Dichotomous coded as gestured or not 
gestured). 
Immediate recall 
 To test whether age moderates the relation between recall and gesture, an interaction 
between age (dichotomous, coded as young or old) and gesture was included in the model. The 
interaction was not significant (Wald z=.161, p = .872). The main effect of Age was also not 
significant (Wald z=.773, p=.439). Given there that age did not moderate the relationship 
between recall and gesture, data for older and younger adults was combined for analysis at 
immediate recall.  
 Column one of Table 2 shows that gesture was significantly predictive of immediate 
recall (b = .65, Wald z = 3.334, p < .001). The exponentiated β shown in column three represents 
the odds that participants recalled a vignette when they spontaneously gestured compared to 
when they did not gesture. Participants (both younger and older) who spontaneously gestured 
when describing a vignette were 2.07 times more likely to recall the vignettes in the immediate 
recall condition. 
Table 2. Hypothesis test for gesture, immediate and delay recall conditions 
Variable β (SE) exp(β) Wald z P-value 
Immediate 0.65 (0.20) 2.07 3.334 .000*** 
Delay (Young Adults Only) 1.06 (0.00) 2.89 0.773  .000*** 
Note * = p < .05; ** = p < .01, *** = p < .001. 
Delayed recall 
 In turning to the delayed recall test, there were some analytical challenges with the older 
adult data. In addition to the small sample size, only 7% of all vignettes were successfully 
recalled by older adults. The imbalance in the dependent variable combined with the small 





converge when age, gesture, and their interactions were included in the model. I expect that this 
convergence issue may not have occurred if I had recruited a larger sample size.  
 The main effect of gesture significantly predicted memory for the younger group at Delay 
(b = 1.06, z = 653.8 p < .001) as illustrated in Table 2. Younger participants who gestured were 
2.89 times more likely to recall the vignettes in the delayed recall condition as indicated in 
column 2.  This means that the odds of recalling vignettes when participants gestured was 0.82 
times higher at delayed recall than at immediate recall.  
 Since the mixed model did not converge for older adults at the delayed recall task, 
correlational data for this population is addressed. While it is important to note that correlational 
data assumes independence of variables, it can still be useful in assessing potential trends. 
Analysis of the correlational data for older adults, illustrated in Table 3, suggests that just as with 
the younger adults, gesture is more correlated with older adults’ memory at delayed recall, r 
(310) = .204, p<.001, than it is at immediate recall, r (310) = .111, p < .05. This suggests that 
older adults gesturing might act similarly to that of younger adults and show increased 
association to recall at the delayed recall task.   
Table 3. Correlation table for variables in 
the Older Adult group  
Gesture Immediate Delay 
Gesture 1.00 
  
Immediate 0.11 1.00 
 
Delay 0.20 0.26 1.00 
Summary  
  Our results suggest that gesturing during encoding predicts recall for both younger and 
older adults equally at immediate recall and that this relationship may increase at delay. 
However, the non-convergence of the older adult data makes it hard to extrapolate this to the 





is merely associated with some other factor that supported recall. One could argue that 
spontaneous gestures are associated with some other factor that may have caused the perceived 
relationship between gesture and recall. As such, I experimentally manipulate gesture in 
Experiment 2, to test if recall will be affected when gesture is manipulated. 
2.8.2 Experiment Two 
In Experiment 1 spontaneous gestures were associated with increases in recall for both 
young and older adults, these increases rose after a 3-week delay for the younger population. In 
Experiment 2, participants’ gestures were experimentally manipulated during encoding by asking 
older adults to gesture while they gave the descriptions of the vignettes (Instructed gesture), the 
results of the immediate and delayed recall for this group were then compared to the spontaneous 
gesture group (free gesture group) in Experiment 1 to assess if gesturing plays a causal role in 
participants’ memory, and if instructing gesture will improve memory recall for this group.  
While similar designs with younger adults manipulate gesture by adding a group forced not 
to gesture, I am particularly interested in the practical question of if manipulating gesture 
positively, by asking one to gesture, will improve memory for this group. Based on theoretical 
and literature understanding I hypothesize that while younger adults do not always demonstrate 
improvement with instructed gesture, older adults will. 
Methods 
Participants and Design 
Nine older adults (6 females, range 60-85 years, mean age 74.12) participated. The older 
adults were paid volunteers recruited from various senior centers and organizations across 
Manhattan. The mean length of their formal education was 17.16 years (SD =1.36). Participants 





not allowed to participate if they had less than 13 years of education. Older adults who failed the 
Montreal Cognitive Assessment (received < 23) were excluded as suggested by Ciesielski, et. al. 
(2016). No data was excluded. 
Materials 
Materials were the same as in Experiment 1. 
Procedure 
The procedure was the same as Experiment 1 except for one difference at instruction. 
When the experimenter described the procedure to participants, they included a prompt to 
gesture. Specifically, participants were told that gesturing has been found to facilitate the process 
of describing. As such, participants were asked to try to use their hands to make meaningful 
movements related to the vignettes while they described what they saw.  
Results and Discussion 
Immediate Recall 
 The mean recall for the free gesture group, from Experiment One, was M=10.33 vignettes 
(SD =2.6), while the mean recall for the instructed gesture group in Experiment Two, was M= 
10.9 vignettes (SD= 2.6). Row 1 of Table 4 displays a Mann-Whitney U test that did not find 
significance between groups at immediate recall (W(x)= 70, p = .51). 
Delayed Recall 
 Row 2 of Table 4 shows that the mean recall for the free gesture group was M=1.8 
vignettes (SD =1.82), while the mean recall for the instructed gesture group was M=3.11 
vignettes (SD= 1.97). A Mann-Whitney U test was used as a non-parametric alternative to a two-
sample t-test since our sample’s distribution in right skewed. This test did not find significance 





can be used as a measure of effect size with d = 0.20, 0.50, 0.80 corresponding to small, medium, 
and large effect sizes respectively. Cohen’s d = 0.65 was found for this sample at delay. Given 
the sample contained only 9 members, it is expected that a Mann Whitney-U would not find 
significance. However, the medium to large effect size of Cohen’s d at Delay suggests that with a 
larger sample size we may find significance. 
Table 4 Mann Whitney-U comparing the Instructed and Free Gesture Groups 
 Instructed Gesture Free Gesture    

















* = p < .05, ** = p < .01, *** = p < .001. 
 
2.8.3 General Discussion and Proposal 
 A primary finding in line with my first hypothesis, is that spontaneous gesturing during 
encoding was associated with immediate recall for both younger and older adults. Our finding 
that older adults spontaneous gesturing during encoding was just as associated with memory as it 
was for the younger population is a particularly important finding. On a theoretical level, this 
finding insinuates that while arguments may be made for older adults being less embodied, their 
sensory-motor capacity for gesturing at encoding is just as associated with memory as it is for 
younger adults.   
 In line with Cook, Yip, and Goldin-meadow (2010) the association of gesture to memory 
was increased at delayed recall for the younger adult population. We found that at delay, younger 
participants were 2.89 times more likely to remember a vignette that they had gestured for. 
While they were 2.07 times more likely to recall a vignette, they had gestured for during 





 While we could not use our mixed logistic model to analyze our results in the older adult 
group for association between delayed recall and gesture since they only remembered 7% of the 
vignettes, it is possible that a larger sample size will provide enough data to render analysis with 
our model possible. Our correlational data suggest that gesture is more correlated with older 
adults’ memory at delay r (310) = .204, p <.001, than it is at immediate recall r (310) = .111, p < 
.05.  If this were found to be the case, it would further support the hypothesis that older adults 
share similar embodied traits to younger adults when it comes to spontaneously produced 
gesturing and memory since an increase in association from immediate recall to delayed recall 
was also found for the younger group.  
 When assessing our second hypothesis, that older adults instructed to gesture during 
encoding would recall more vignettes than those allowed to freely gesture at immediate and 
delayed recall, Experiment 2 did not find significant difference between groups at immediate or 
delayed recall. However, Cohen’s d was 0.65 at the delayed recall phase suggest that this 
insignificance may be due to sample size. The Cohen’s d of .65 suggests that instructing older 
adults to gesture at encoding increases memory recall at a delay. This would not only suggest 
that gesture is predictive of memory, but also that older adults benefit from semantic elaboration 
by self-producing gestures. 
 It is interesting that the immediate recall condition had a particularly small Cohen’s d. 
There was almost no difference between the number of vignettes recalled in the older adult 
instructed gesture (M = 10.33) and free gesture groups (M = 10.7). The similarity in immediate 
recall between older and younger adults allowed to freely gesture in experiment one foreshadows 





above a free gesture group, so if the older and younger group perform similarly at this timepoint 
it is understandable that older adults would also not benefit from the instruction to gesture.   
 However, Experiment 2 showed that older adults instructed to gesture may benefit from the 
instruction more than younger adults at the delayed recall task. This would suggest that gesturing 
is able to decrease cognitive load for older adults experiencing difficulties with recall. It seems 
that even if older adults experience some aspects of being less embodied, gestures are not 
rendered meaningless to them. Instead, they are still able to see them as a meaningful and 
effective elaborative cue.  
The present results suggest a revisit of the literature on gesturing as a tool for enhancing 
memory and performance in older adults. It suggests that, although contradictory to some 
previous arguments, older adults may still process gesturing in a similar manner as younger 
adults. This research suggests that analysis of literature with children and adults may be 
warranted in the search for clear examples in which meaningful gestures have increased memory 
and performance for these population. If we look to this research, we may be able to design 
cross-sectional studies that will have more interpretable results with older adults.  
 The limitations of this study primarily due to sample size suggest that it may be effective to 
replicate this work with a larger sample size. It also may be useful to add a younger adult 
‘instructed gesture’ condition to allow for better comparison between younger and older adults at 
each timepoint to effectively compare recall for instructed gesture and free gesture conditions for 






 Methods  
Chapter 3 starts with an explicit introduction and listing of all research questions (and 
hypotheses) addressed in this dissertation. I follow this with a description of the study’s sample, 
research design, the operationalization of key variables, and analytical strategies.  
A randomized block design was used with a total of n=120 participants resulting in the 2 
x 2 table shown in Table 5. We assessed differences in recall (Immediate and Delayed) between 
the two age groups (Old and Young) under two conditions (Free Gesture and Instructed Gesture). 
There are two dependent variables (Immediate and Delayed recall, both of which are 
dichotomous nominal level variables) and four experimental groups based on crossing the two 
independent variables, age and condition. The table below shows the 2x2 table with all 






3.1 Research Questions 
There are two primary research questions, as summarized in Table 6. The first set of research 
questions (labeled RQ1A-RQ1E) focus on the effects of spontaneous gesturing and age (and their 
interaction) on both immediate and delayed recall [addressing the larger question: is spontaneous 
Table 5 Older vs younger adult groups’ recall in free 
gesture vs instructed gesture conditions 




Older Adults 31 31 





gesturing associated with immediate and delayed recall for younger and older adults?]. These 
questions only use half the sample (those in the free gesture condition), as explained in greater 
detail below. One question in this first set (RQ1E) also explores whether the effect of gesturing on 
recall varies by immediate vs delayed recall.  And the first question (RQ1A) explores differences 
in the quantity of gestures produced by older and younger adults. The second set of research 
questions (labeled RQ2Ai-RQ2Biii) focus on the effects of age, condition (free gesture vs 
instructed gesture) and their potential interaction on immediate and delayed recall [these address 
the larger question: will instructing gesture benefit older adults recall, and will the effect be 
different for younger adults at immediate and delayed recall?] 
The first set of research questions requires the analysis of observational data comparing 
recall of the younger and older adults in the free gesture condition. The second set of research 
questions on the other hand requires the randomized block design to compare the effects of 
condition (Instructed Gesture vs Free Gesture) on recall (Immediate vs Delay) across age groups 
(Old and Young). Through random assignment, it is possible to test whether there is a treatment 
effect associated with condition – for both immediate and delayed recall. Furthermore, an 
interaction between condition and age can be tested. Note that the table below also list the 







Table 6 Research questions and hypotheses 
Research question Hypothesis 
RQ1A: For participants in the free gesture 
condition, is the occurrence of spontaneous 
gesturing equal for older and younger adults? 
The occurrence of spontaneous gesturing at 
encoding for older and younger adults will be 
equal. 
RQ1B: For participants in the free gesture 
condition, does spontaneous gesturing during 
encoding predict immediate recall? 
Spontaneous gesturing during encoding will be 
positively associated with immediate recall for 
both younger and older adults allowed to freely 
gesture. 
RQ1C: For participants in the free gesture 
condition, does the effect of spontaneous 
gesturing during encoding on immediate recall 
vary for younger and older adults? 
Spontaneous gesturing during encoding will be 
equally positively associated with immediate 
recall for both younger and older adults allowed 
to freely gesture (i.e., no significant interaction 
between age and gesture) 
RQ1D: For participants in the free gesture 
condition, does spontaneous gesturing during 
encoding predict delayed recall? 
Spontaneous gesturing during encoding will be 
positively associated with delayed recall for both 
younger and older adults allowed to freely 
gesture. 
RQ1E: For participants in the free gesture 
condition, does the effect of spontaneous 
gesturing during encoding on delayed recall vary 
for younger and older adults? 
Spontaneous gesturing during encoding will be 
more largely positively associated with delayed 
recall for older adults than younger adults 
allowed to freely gesture (i.e., there is a 
significant interaction between age and gesture). 
RQ1F: For participants in the free gesture 
condition, does the effect of spontaneous 
gesturing during encoding on recall vary for 
immediate vs delayed recalled?  
Spontaneous gesturing during encoding will be 
more positively predictive of recall at a delay 
than at immediate recall for both younger and 
older adults allowed to freely gesture. 
RQ2Ai: Are there differences in immediate recall 
between younger and older adults? 
At immediate recall, the same number of 
vignettes will be recalled by older and younger 
adults. 
RQ2Aii: Are there differences in immediate 
recall between the instructed and free gesture 
conditions? 
At immediate recall, the same number of 
vignettes will be recalled in the instructed and 
free gesture conditions. 
RQ2Aiii: Does the effect of age (young vs old) on 
immediate recall vary based on the instructed and 
free gesture conditions? 
At immediate recall, the effect of age on 
immediate recall does not depend on group 
assignment (i.e., no significant interaction 
between age and group). 
RQ2Bi: Are there differences in delayed recall 
between younger and older adults? 
At delayed recall, older adults will recall less 
than younger adults. 
RQ2Bii: Are there differences in delayed recall 
between the instructed and free gesture 
conditions? 
At delayed recall, the instructed gesture group 
will recall more vignettes (but note I hypothesize 
there is a significant interaction between age and 
group). 
RQ2Biii: Does the effect of age (young vs old) on 
delayed recall vary based on the instructed and 





Older adults instructed to gesture at encoding will 
show more benefits to recall than younger adults 
instructed to gesture. [Younger adults instructed 
to gesture will recall the same number of 
vignettes as those allowed to freely gesture, but 
older adults instructed to gesture will recall more 






3.2 Research Design 
Participants and Design  
58 younger adults (46 females, mean age 23.0 (SD=1.96)) and 62 older adults (48 
females, mean age 70.7(SD=2.1)) participated. The younger adults were graduate students from 
Teacher’s College Columbia University who received credit or payment for their participation. 
The older adults were paid volunteers recruited online from various senior centers and 
organizations across Manhattan and Alberta. The mean length of the younger group’s formal 
education was 16.9 years (SD= 0.8), and for the older group was 17.5 years (SD= 1.5). 
Participants were pre-screened using the health exclusion criteria proposed by Crook et. el. 
(1986) and were not allowed to participate if they had less than 13 years of formal education. 
Participants who failed the Montreal Cognitive Assessment (received < 26) were excluded as 
suggested by Ciesielska, et. al. (2016). This led to the exclusion of data from two older adult 
participants and one younger adult participant. Data for 3 participants (2 younger and 1 older) 
were additionally excluded due to the production of indistinguishable gestures or interference 
during the session. The decision to exclude was done before checking recall rates.  
Assignment was done via a stratified randomization method. Participants were first 
recruited based on whether they were in the younger or older age ranges, yielding 58 and 62 
younger and older adults respectively. Participants within these two strata were then randomized 
into either the Free Gesture or Instructed Gesture conditions (the experimental manipulation is 
explained in full below). This resulted in four groups and a randomized block design: (1) 
younger adults who freely gestured (n= 32) (2) older adults who freely gestured (n = 31) (3) 
younger adults instructed to gesture (n = 26), and (4) older adults instructed to gesture (n = 31). 





tests (as described in the footnote). As seen in the table, the randomization worked well. The 
groups were balanced within each stratum.  






  Free Instructed p-value a    Free Instructed p-value a 
 
P-value b 
N = 120 32 26     31 31   
 
  
Age 23.3(1.6) 22.7(2.4) 0.38 
 
69.1(2.3) 72.3(1.9) 0.15 
  
Education 16.9(0.7) 16.9(0.9) 1.00 
 
17.6(1.5) 17.5(1.5) 0.81 
 
0.18 
MOCA 29.4 (1) 29.0 (1.2) 0.46 
 
28.9(1.2) 28.9(1.1) 0.95 
 








Female 24 22 
  
27 21 
   
Male 8 4 
  
4 10 








White 19 12 
  
23 25 
   
Asian 11 10 
  
1 2 
   
    Other 2 5 
  
7 4 
   
Standard errors are in parentheses.                
a P-values are based on independent samples t-test for continuous variables like age and education, 
while categorical variables (sex, race) are based on Fisher’s exact test. 
b P-values which check covariate balance across all four groups are based on ANOVA models for 
continuous variables like age and education, while they are based on chi-square tests of association for 
sex and race. 
 
Materials and instruments 
Vignettes 
Twenty-six 3-second Vignettes involving spatial movements and actions of objects, 
animals and people were used (e.g. a man picking up a child; a woman petting a dog, a train 
going into a fence).  These vignettes were previously created to elicit descriptions of motion 
events in speech and gesture in Goldin-Meadow, So, Ozyurek, and Mylander (2008). They were 
also used in Cook, Yip and Goldin-Meadow (2010), selected because they elicited gesture in 
pilot work with variability across individuals in the amount of gesture elicited. For a complete 





Language History Questionnaire 
 A Language history questionnaire was conducted as a distractor task. This questionnaire 
was the same as that used in Cook, Yip, Goldin-Meadow (2010). Subjects were asked questions 
about the languages they spoke, the fluency with which they spoke them, and other questions 
related to language exposure (e.g. if they had lived in other countries). The questionnaire was 
timed to be about 5 minutes long.  
3.2.1 Procedure and experimental manipulation 
Participants were told that the study was about how people communicate events to one 
another. Due to the COVID-19 pandemic, all procedures were conducted online. Participants 
were invited to a zoom meeting. During the meeting they were first asked to read and 
electronically sign the consent form, and to remove any objects from the table and from their 
hands. The MOCA was then administered. Following this, the experimenter informed 
participants that the video camera would be turned on and asked participants to move 4 feet away 
from their desks so that their upper bodies were visible on-screen. Participants in all groups were 
told that they were going to watch 26 3-second vignettes of action events on the computer 
screen, and that after each vignette automatically disappeared from the screen, participants would 
be prompted to describe what they just saw to the experimenter in a few sentences as though the 
experimenter had not seen the vignettes before. They were then asked to pay careful attention to 
the videos, and to say ‘next’ whenever they were ready for the following video. Participants in 
the ‘instructed gesture’ group were additionally instructed to try and use their hands 
meaningfully while describing the videos (see Appendix B for the script of the instructions 
used). Participants had a trial run with a static image of a flower to acquaint themselves with the 





Following this, the language questionnaire was conducted as a distractor task. After 
which the experimenter asked participants to list as many of the vignettes as they could, as 
completely as they could. Note that participants were not aware that they would have to recall 
the vignettes prior to this point. When participants gave vague responses that were not specific or 
clear the experimenter probed the participants. For example, if the participant said, “I remember 
there was a baby” the experimenter would respond “do you remember if the baby did 
something?” Participants were asked to come back three weeks later (mean days for younger 
adults = 20.98, SD= 0.12; mean days for older adults = 21.02, SD = 0.13) and were again asked 
how many of the vignettes they recalled. Participants were again unaware prior to this session 
that memory would be tested. 
Random assignment and experimental manipulation 
Participants were recruited as either younger adults (20 – 29yrs) or older adults (60 -
85yrs). These groups were randomly assigned to two conditions: Instructed Gesture or Free 
Gesture. To create the two conditions participants gesture was experimentally manipulated 
during encoding. In the Free Gesture condition participants were allowed to freely gesture while 
describing 26 3-second vignettes. In the Instructed Gesture condition participants were 
additionally asked to gesture while providing descriptions to the vignettes. Free recall tasks were 
then given immediately after a short distractor task (Immediate Recall) and again three weeks 
later (Delayed Recall).  
Coding of recall (DV) and gesture (IV) and inter-rater reliability  
For all groups, a particular vignette was considered recalled correctly if the participants’ 
description included the action and an accurate description of an actor. For example, in the 





right to left towards something” then the vignette was considered correctly remembered. A 
vignette was not considered recalled correctly if the semantic elements were recalled but their 
roles were reversed. For example, in the vignette portraying a dog sliding to the scooter, if the 
participant said, “the scooter was sliding to the dog” then the vignette was not counted as 
recollected correctly. In addition, a particular vignette was not counted as correct if new items or 
actions were added. 
Gestures produced at all time points were transcribed and coded for the Free Gesture 
groups. A gesture was coded when the participant produced any hand movement that did not 
serve a functional purpose (e.g. pushing hair back, scratching, sneezing). Both representational 
and beat gestures were recorded. But meaningful representational gestures were only analyzed. 
While beat gestures have been found to aid fluency of discourse, representational gestures are 
those that convey meaning and are often assessed in the literature when assessing gesture’s 
ability to aid memory, learning, problem solving, and other cognitive functions. Note that 
Gesturing in the Instructed Gesture groups occurred about 99% of the time with no difference 
between groups. 
A second coder independently coded 10% of participant recall and gestural responses to 
assess reliability. Agreement for identifying correctly remembered vignettes was 98% (144/147) 
at immediate recall, and 96% at delayed recall (49/51). For gesturing, coders agreed on 96.5% of 
trials (301/312). 
3.3 Analytical Methods 
3.3.1 Associated with Research Question 1 (RQ1) 
Basic descriptive statistics will be introduced for all the variables of interest. There are 





level variables. Counts and percentages are shown as univariate descriptive statistics. Since the 
dependent variables (immediate and delayed recall) are both binary, logistic regression is used to 
test the hypotheses listed in Table 6. The unit of analysis is vignette-person observations, since 
there were 26 vignettes seen by each of the 120 subjects. Vignettes and subjects are both random 
factors and are therefore incorporated into the analyses with random-effects terms. The final 
model used to answer the research questions is a univariate mixed logistic regression model, with 
recall as the dependent variable and subjects and vignettes as two random-effects parameters. 




+ = 𝛽# + 𝛽$𝑋$ +	⋯+ 𝛽%𝑋% + 𝑢#! + 𝑢#" 	 
Where 𝑌!" is the observed recall for person i vignette j, 𝑋$ through 𝑋% are the relevant predictor 
variables, 𝑢#! and 𝑢#" are the random-effects terms for subjects and vignetters, respectively. 
Hypotheses tests for the independent variables (condition, group, and age) will be used answer 
the research questions outlined in Table 6. Below, the analytical method (and model 
specification, if required) used to check each hypothesis is briefly described. 
Hypothesis 1A: The occurrence of spontaneous gesturing at encoding for older and younger 
adults will be equal.  
A t-test was used to assess if younger and older adults in the free gesture condition 
gestured for a different number of vignettes. 
Hypothesis 1B: Spontaneous gesturing during encoding will be positively associated with 
immediate recall for both younger and older adults allowed to freely gesture. 
As described above, Vignettes (n=26) and Participants (n= 63) are both random factors, 





mixed logistic regression with immediate recall as the dependent variable and gesture as the 
predictor variable is used to assess this hypothesis.   
Hypothesis 1C:  Spontaneous gesturing during encoding will be equally positively associated 
with immediate recall for both younger and older adults allowed to freely gesture (i.e., there is 
no significant interaction between age and gesture) 
We ran another mixed logistic regression model with an interaction term to assess if there 
was a significant difference between groups at immediate recall. This model included the random 
effect terms (for Vignettes and Participants) and fixed factors for Gesture (dichotomous coded as 
gestured or not gestured), Age (Dichotomous coded as younger or older) and the Gesture*Age 
interaction.   
Hypothesis 1D: Spontaneous gesturing during encoding will be positively associated with 
delayed recall for both younger and older adults allowed to freely gesture. 
 We assessed the hypothesis that gesturing during encoding is significantly associated 
with delayed recall for both younger and older adults. Two univariate mixed logistic regression 
models were also used to predict the probability of recalling each vignette at delayed recall for 
each of the (i) younger and (ii) older adults. Our final models included random effect terms (for 
Vignettes and Participants) and also a fixed factor terms for Gesture (dichotomous coded as 
gestured or not gestured) for each of the younger and older groups.  
Hypothesis 1E: Spontaneous gesturing during encoding will be more largely positively 
associated with delayed recall for older adults than younger adults allowed to freely gesture 
(i.e., there is a significant interaction between age and gesture). 
We also ran a mixed logistic regression model with an interaction term to assess if there 





random effect terms (for Vignettes and Participants) and fixed factors for Gesture (Dichotomous 
coded as spontaneously gestured or did not spontaneously gesture), Age (Dichotomous coded as 
younger or older) and the Gesture*Age interaction. 
Hypothesis 1F: Spontaneous gesturing during encoding will be more positively predictive of 
recall at a delay than at immediate recall for both younger and older adults allowed to freely 
gesture.   
We ran two mixed logistic models with an interaction to assess if there was a significant 
difference between the impact of gesture on recall across the two time points (Immediate and 
Delayed Recall) for each of the younger and older adult groups. This model included the random 
effect terms (for Vignettes and Participants) and fixed factors for Gesture (dichotomous coded as 
gestured or not gestured), Occasion (dichotomous coded for Immediate or Delay) and the 
Gesture*Occasion interaction. (*Note: Our model however may not be powered to perform this 
analysis). 
3.3.2 Hypothesis associated with Research Question 2 
Hypothesis 2A: At immediate recall: 
i. the same number of vignettes will be recalled by older and younger adults. 
ii. the same number of vignettes will be recalled in the instructed and free recall 
conditions. 
iii. the effect of age on immediate recall does not depend on group assignment  
We assessed the hypothesis that there would be no difference in the number of vignettes 
immediately recalled across both age groups (younger and older) and both conditions (instructed 
and free gesture). Since Vignettes (n=26) and Participants (n= 63) are both random factors, we 





models to hypothesis. Two different models were run for each of the younger and older adult age 
groups to assess if condition had an effect for each age group separately. Each model included 
random effect terms (for Vignettes and Participants) and a fixed factor for Condition (Free 
Gesture group and Instructed Gesture group) to assess if condition had an effect. We also ran an 
interaction model (although we did not power the research to do so) which included Age 
(Younger and Older), Condition (Free Gesture group and Instructed Gesture Group) and an 
interaction term for Age*Condition. 
Hypothesis 2B:  At delayed recall: 
i. older adults will recall less than younger adults. 
ii. the instructed gesture group will recall more vignettes (but note I hypothesize there is 
a significant interaction between age and group). 
iii. older adults instructed to gesture at encoding will show more benefits to recall than 
younger adults instructed to gesture. [Such that - younger adults instructed to gesture 
will recall the same number of vignettes as younger adults allowed to freely gesture, 
but older adults instructed to gesture will recall more vignettes than older adults 
allowed to freely gesture.] 
We assessed the hypothesis that there would be no difference in the number of vignettes 
recalled at delay across both age groups (younger and older) and both conditions (instructed and 
free gesture). We used three univariate mixed logistic regression models to test this hypothesis. 
Two different models were run for each of the younger and older adult age groups to assess if 
condition had an effect for each age group separately. Each model included random effect terms 
(for Vignettes and Participants) and a fixed factor for Condition (Free Gesture and Instructed 





not power the research to do so) which included Age (Younger and Older), Group (Free Gesture 
group and Instructed Gesture Group) and an interaction term for Age*Group. 
3.3.3 What if we Coded for Uniqueness and Quantity of Gesture? 
In order to investigate the effects of gesturing as it relates to RQ1(hypothesis 1A-1F) I 
also coded gesturing using two other methods: Quantity and Uniqueness. I then re-ran my 
analysis for Hypothesis 1A-1F with each of these DV’s instead of the original coding of Gesture. 
Unique Gestures and Quantity of Gestures 
Coding 
Quantity gestures were coded as a count variable whereby any representational gesture 
made was coded. A gesture was coded when the participant produced any hand movement that 
did not serve a functional purpose (e.g. pushing hair back, scratching, sneezing).  
Unique gestures were coded as a count variable whereby any unique representational 
gesture made was coded. A gesture was considered unique if it was particularly relevant to the 
vignette it was being used for and if that exact gesture was not used for a different vignette.  
Statistical analysis of Hypothesis 1A-1F for Unique and Quantity Variables 
The Statistical analysis of Hypothesis 1A-1F for Unique and Quantity Variables 
was conducted in the same manner as the analysis using the previously described Gesture 
variable. But instead of gestures being coded as a dichotomous ‘Gesture’ variable (gestured vs 








 Results  
4.1.1 Research Question 1 
Hypothesis 1A: The occurrence of spontaneous gesturing at encoding for older and younger 
adults will be equal.  
  When comparing the use of representational gestures, a t-test found no significant 
difference in the quantity of gestures produced by younger and older adults, t (60.69) = -.61, 
p=.54. As shown in Table 8, younger and older adults produce gestures for about 50 % of the 






Hypothesis 1B: Spontaneous gesturing during encoding will be positively associated with 
immediate recall for both younger and older adults allowed to freely gesture. 
Figure 1 depicts the proportion of vignettes recalled when older or younger adults 
gestured for a vignette, versus the proportion of vignettes recalled when no gesture was made. It 
shows that at immediate recall younger adults who gestured recalled about 52% of the vignettes 
they gestured for, but only 40% of those that they did not gesture for. Similarly, Older adults 
Table 8 Number of vignettes for which spontaneous gestures were produced 
in the Free Gesture condition 
N=63 Younger  Older t-test 
Number of the 26-vignettes for 





recalled 46% of the vignettes they had gestured for, but only 39% of those that they did not 
gesture for.  To test if spontaneously gesturing significantly predicts immediate recall of 
vignettes, for (i) the younger and (ii) older adult groups, two univariate mixed logistic regression 
models were used (Table 9, columns M1 & M2). The final models included random effect terms 
(for Vignettes and Participants) and also a fixed factor terms for Gesture (dichotomous coded as 
gestured or not gestured) for each of the younger (Table 9, M1) and older groups (Table 9, M2).  
Table 9, M1 (Younger Group) and M2 (Older Group) show that spontaneous gesturing at 
encoding significantly predicted immediate recall for both the younger group (β = .49, p = .004) 
and the older group (β = .36, p = .004). The exponentiated β in these columns represents the odds 
that participants recalled a vignette when they spontaneously gestured compared to when they 
did not gesture. The interpretation is that the odds of immediate recall are 1.64 times greater 
when younger adults spontaneously gestured when describing a vignette than if they had not 
gestured.  Similarly, the odds of immediate recall are 1.43 times greater when older adults 














Table 9 Univariate mixed logistic regression models testing the association of spontaneous gesturing to 
immediate recall for older and younger adults in the free gesture conditions. 
Independent  M1                       
Younger group 
only 
M2                          
Older group 
only 
M3                                














ratio Variables (SE)   (SE) (SE) (SE) 
















      








         
0.14     
(0.24) 
1.15 
Constant -0.44     
(0.18) 
  
-0.56     
(0.24) 
  
-0.56     
(0.19) 
  
-0.53     
(0.20) 
 
            
Random effect terms 
           

























            
Observations N = 830 
 
N = 793 
 
N = 1,623 
 
N = 1,623 
Standard errors are in parentheses. The parentheses that follow the variance components show the percent 
of explained variance, as compared to the empty model 
Note: * = p < .05, ** = p < .01, *** = p < .001  
   Figure 1 Proportion of vignettes recalled in the Free Gesture condition classified by whether 















Hypothesis 1C: Spontaneous gesturing during encoding will be equally positively associated 
with immediate recall for both younger and older adults allowed to freely gesture. 
We ran an interaction model to assess if there was a significant difference between the 
effects of gesturing on immediate recall between the two age groups. This model included the 
random effect terms (for Vignettes and Participants) and fixed factors for Gesture (dichotomous 
coded as gestured or not gestured), Age (dichotomous coded as younger or older) and the 
Gesture*Age interaction.  
 As seen in Table 9 M4, no significant interaction between age groups and the effects of 
spontaneous gesturing on immediate recall were found (β = .14, p = .552). It seems the effects of 
gesturing on immediate recall are similarly significant for the older and younger adults. 
Hypothesis 1D: Spontaneous gesturing during encoding will be positively associated with 
delayed recall for both younger and older adults allowed to freely gesture. 
 Looking again at Figure 1, which depicts the proportion of vignettes recalled depending 
on whether or not participants spontaneously gestured while describing the vignette at encoding. 
It shows that at delayed recall, younger adults recalled about 26% of the vignettes they had 
gestured for, but only 18% of those they did not gesture for. Similarly, Older adults recalled 10% 
of the vignettes they had gestured for, but only 8% of those that they did not gesture for. Two 
univariate mixed logistic regression models were also used to predict the probability of recalling 
each vignette at delayed recall for each of the (i) younger and (ii) older adults (Table 10 M1 & 
M2) based on whether or not they gestured. Our final models included random effect terms (for 
Vignettes and Participants) and also a fixed factor terms for Gesture (dichotomous coded as 





 Table 10, M1 (younger group) and M2 (older group) show that spontaneous gesturing at 
encoding significantly predicted delayed recall for both the younger group (β = .47, p = .045) and 
the older group (β = .85, p = .027). The exponentiated β shown represents the odds that 
participants recalled a vignette when they spontaneously gestured compared to when they did not 
gesture. The interpretation is that the odds of recalling a vignette at delay are 1.61 times greater 
when younger adults spontaneously gestured when describing a vignette than if they had not 
gestured.  For older adults, the odds of delayed recall are 2.33 times greater when older adults 
spontaneously gestured while describing it during encoding.  
Table 10 Univariate mixed logistic regression models testing the significance of spontaneous gesturing to delayed 
recall of older and younger adults in the free gesture conditions. 
Independent  M1                       
Young group only 
M2                          
Old group only 
M3                                
Both age groups 












ratio Variables (SE)   (SE) (SE) (SE) 
















      








         
-0.21     
(0.41) 
0.81 
Constant -1.90     
(0.31) 
  
-3.52     
(0.44) 
  
-3.41     
(0.00) 
  
-3.46     
(0.38) 
 
            
Random effect terms 
           

























            
Observations N = 830 
 
N = 767 
 
N = 1,597 
 
N = 1,597 
Standard errors are in parentheses. The parentheses that follow the variance components show the percent of 
explained variance, as compared to the empty model 
Note: * = p < .05, ** = p < .01, *** = p < .001 
Hypothesis 1E: Spontaneous gesturing during encoding will be more largely positively 
associated with delayed recall for older adults than younger adults allowed to freely gesture. 
We also ran an interaction model to assess if there was a significant difference between 





the random effect terms (for Vignettes and Participants) and fixed factors for Gesture 
(dichotomous coded as gestured or not gestured), Age (dichotomous coded as younger or older) 
and the Gesture*Age interaction.  
No significant interaction between age and the effects of gesturing on delayed recall (β = 
-.21, p = .81) was found as demonstrated by M4 in Table 10. Although if we look at the 
interpretation of Table 10, M1 and M2 it looks like there is more of an effect for older adults (β = 
.85, p = .027) with the odds ratio being 2.33 for older versus the younger group (β = .47, p = 
.045) with the odds ratio of 1.61.  
Hypothesis 1F: Spontaneous gesturing during encoding will be more positively predictive of 
recall at a delay than at immediate recall for both younger and older adults allowed to freely 
gesture. 
We ran two interaction models to assess if there was a significant difference between the 
impact of gesture on recall across the two time points (Immediate Recall and Delayed Recall) for 
each of the younger and older adult groups. This model included the random effect terms (for 
Vignettes and Participants) and fixed factors for Gesture (dichotomous coded as gestured or not 
gestured), Occasion (dichotomous coded Immediate or Delay) and the Gesture*Occasion 
interaction.  
Looking at Table 11, M2 we see no significant interaction was found between occasion 
and gesturing for the older group (β = -.042, p = .892). There was also no significant interaction 
between occasion and gesturing for the younger groups (β = .023, p = .239) as shown in Table 
11, M2. 
Our interaction model presented no evidence that gesturing more significantly predicts 





immediate and delayed recall equally for both groups. This however contradicts research with 
younger adults that often finds a significant increase in gestures association to recall at delayed 
recall (Cook, Yip, & Goldin-Meadow, 2010). We expected that gesturing would be more 
predictive of delayed recall and may be even more so for the older adult group. Our design 
however was not powered to run interactions. Comparing across our initial models for immediate 
and delayed recall (Table 9, M1, and Table 10 M1 for the younger groups; and Table 9 M2 and 
Table 10 M2 for the older groups) it also does not look like there was a difference in effect size 
of gesturing for the younger group from immediate recall (β = .49, p = .004) to delayed recall (β 
= .47, p = .045). However, if we compare the effects in our original models of immediate recall 
to delayed recall for the older group it looks like there is more of an effect for delayed recall (β = 
.85, p = .027) than immediate recall (β = .36, p = .004) for the older groups. Whereby the 
interpretation of these models is that for older adults, the odds of immediately recalling a 
vignette are 1.43 times greater when you spontaneously gesture than when you do not gesture, 











Table 12  Multiple logistic regression mixed model assessing the if 
effects of spontaneous gesturing across time for younger adults 
Independent  M1              
Gesture&Occasion 








































(0%)     
Observations N =  1,597 
 
N = 1,597 
Standard errors are in parentheses. 
Note: * = p < .05, ** = p < .01, *** = p < .001 
 
Table 11 Multiple logistic regression mixed model assessing the 
effects of spontaneous gesturing over time for older adults. 
Independent  M1              
Gesture&Occasion 


























Random effect terms 
   










(0%)     
Observations N = 1,597 
 
N = 1,597 
Standard errors are in parentheses.  





4.1.2 Research Question 2 
Hypothesis 2A: At immediate recall: 
i. the same number of vignettes will be recalled by older and younger adults. 
ii. the same number of vignettes will be recalled in the instructed and free recall conditions. 
iii. the effect of age on immediate recall does not depend on group assignment  
As demonstrated by Table 13 and Figure 2, younger adults allowed to freely gesture 
recalled 54% of vignettes and younger adults instructed to gesture recalled 53% of the vignettes, 
Older adults allowed to freely gesture recalled 42% of the vignettes, which is the same percent as 
those asked to gesture. A Chi-squared test found no significant difference in the recall between 
groups, X2 (3, N = 3120) = 4.81, p=.19.  
Table 13 Vignettes Recalled Immediately and at Delay by Group  
 
 
Immediate Recall  
 
Younger Group Older Group Chi2 
 
  Free Instructed Free Instructed p-value 
 
N = 3120 832 676 806 806   
 
Count 450 360 336 331 0.19 
 








Younger Group Older Group Chi2 
 
 
Free Instructed Free Instructed p-value 
 
N = 3120 832 676 806 806   
 
Count 186 155 67 104 <.001 
 









Figure 2 Proportion of vignettes recalled in both Conditions (Free Gesture and Instructed 
Gesture Condition) classified by Age (Younger and Older) and time of recall 




We assessed the hypothesis that there would be no difference in the number of vignettes 
immediately recalled across both age groups (younger and older) and both conditions (instructed 
and free gesture) by running two different univariate mixed logistic regression models for each 
of the younger and older adult age. Each model included random effect terms (for Vignettes and 
Participants) and a fixed factor for Condition (Free Gesture group and Instructed Gesture Group) 
to assess if condition had an effect on recall for each age group separately. We also ran an 
interaction model (although we did not power the research to do so) which included Age 
(Younger and Older), Condition (Free Gesture group and Instructed Gesture Group) and an 
interaction term for Age*Condition.   
Our results, shown in Table 14 M1 & M2, indicate that there was no significant effect of 





(β = -.01, p = .99).  There was also no significant interaction between age and the effects of 
instructed gesturing on delayed recall (β = -.031, p = .7) as shown in M4 of Table 14. 
The manipulation of instructing participants to gesture showed no effect on immediate 
recall for either the older or the younger groups. All groups were found to be equally likely to 
immediately recall vignettes whether they were young or old, instructed to gesture or allowed to 
freely gesture.  
Table 14 Univariate mixed logistic regression models assessing changes to immediate recall by 
instructing gesture to both age groups compared to the free gesture conditions. 
Independent  M1                       
Young group 
only 
  M2                          
Old group only 
  M3                                
Both age 
groups 













ratio Variables (SE)   (SE) (SE) (SE) 
Group: Free 
gesture group 
















      








         
0.03     
(0.22) 
1.03 
Constant -0.19     
(0.17) 
  
-0.36 *    
(0.18) 
  
-0.36 *    
(0.17) 
  
-0.36 *     
(0.18) 
 
































            
Observations N = 1,507 
 
N = 1,574 
 
N = 3,081 
 
N = 3,081 
Standard errors are in parentheses. The parentheses that follow the variance components show the 
percent of explained variance, as compared to the empty model 







Hypothesis 2B: At delayed recall: 
i. older adults will recall less than younger adults. 
ii. the instructed gesture group will recall more vignettes (but note I hypothesize there is 
a significant interaction between age and group). 
iii. older adults instructed to gesture at encoding will show more benefits to recall than 
younger adults instructed to gesture. [Such that - younger adults instructed to gesture 
will recall the same number of vignettes as younger adults allowed to freely gesture, 
but older adults instructed to gesture will recall more vignettes than older adults 
allowed to freely gesture.] 
As demonstrated earlier by Table 13 and depicted in Figure 2, at delay, younger adults 
allowed to freely gesture recalled 22% of vignettes, younger adults instructed to gesture recalled 
23% of the vignettes, older adults allowed to freely gesture recalled 9% of the vignettes, but 
older adults instructed to gesture recalled 13% of vignettes. A Chi-squared test found significant 
difference in the recall between groups, X2 (3, N = 3120) = 82.1, p< .001. A result of the older 
adults recalling significantly less than the younger adults. 
We then assessed the hypothesis that there would be an increase to recall based on 
condition (instructed and free gesture) only for the older adult group. We ran three models: a 
model was run for each of the younger and older adult age groups to assess if condition had an 
effect for each age group separately. Each model included random effect terms (for Vignettes 
and Participants) and a fixed factor for Condition (Free Gesture group and Instructed Gesture 
Group) to assess if condition had an effect. We also ran an interaction model (although we did 
not power the research to do so) which included Age (Younger and Older), Condition (Free 





Table 15, M1 shows no significant effect of instructed gesturing on delayed recall for 
younger adults (β = .08, p = .72). However, there was a significant effect of instructed gesturing 
on delayed recall for older adults (β = .60, p <.001) seen in M2 of Table 15.  The interaction 
model depicted in Table 15, M4 showed no significant interaction between age and the effects of 
instructed gesturing on immediate recall (β = .48, p = .19). 
Although our interaction model showed no significance, this may be a power problem. 
When looking at each age group separately there is no significant effect of instructing gesture for 
the younger group. Younger adults are just as likely to recall vignettes at delayed recall whether 
they were instructed to gesture or not. However, there is a significant effect of instructing gesture 
for older adults. The odds of recalling a vignette are 1.82 times larger for older adults who were 
instructed to gesture than those where were left to freely gesture at delayed recall.  
Table 15 Univariate mixed logistic regression models assessing changes to delayed recall by instructing gesture to 
both age groups compared to the free gesture conditions. 
Independent  M1                       
Young group only 
M2                          
Old group only 
M3                                
Both age groups 












ratio Variables (SE)   (SE) (SE) (SE) 
Group: Free gesture 
group 
0.08     
(0.23) 
  




0.31     
(0.18) 
  




      








         
 -0.48     
(0.36) 
 













Random effect terms 
 



























            
Observations N = 1,507 
 
N = 1,575 
 
N = 3,082 
 
N = 3,082 
Standard errors are in parentheses. The parentheses that follow the variance components show the percent of 
explained variance, as compared to the empty model 





4.1.3 Results for Hypothesis 1A-1F coding Gesture as Quantity of Gestures 
To answer the question of whether or not quantity of representational gestures used is 
related to recall in the free gesture groups, we re-ran the analysis of Hypothesis 1A-1F but 
replaced the dichotomous coding of Gesture (gestured vs not gestured) with a count variable of 
how many representational gestures were made for each vignette: Quantity.  
Hypothesis 1A: The occurrence of spontaneous gesturing at encoding for older and younger 
adults will be equal.  
  When comparing the quantity of representational gestures used, a Welch Two sample t-
test found no significant difference in the number of gestures produced by younger and older 
adults, t(658) = 0.77, p=.44. As before, both younger and older adults produce gestures on 
average for 50% of the vignettes. Younger adults gestured for 48% of the vignettes and older 
adults 53%. Table 16 shows both the number of gestures produced and the proportion of each for 
both groups combined since there was no statistical difference between groups. Of those 
vignettes for which gestures were produced an average of 2.1 (SD=1.3) gestures were produces. 
Table 16  Vignettes Recalled Immediately and at Delay by Age Groups 
 Quantity of Gestures Produced by Younger Adults t-test 
 
N=828 0 1 2 3 4 5 6 7 p-value  
Count 393 190 113 67 34 20 9 2 0.44  
Proportion 0.47 0.23 0.14 0.08 0.04 0.02 0.01 0.00   
 Quantity of Gestures Produced by Older Adults  
 
  
N=690 0 1 2 3 4 5 6 7  
 
Count 393 115 77 57 37 4 6 1   
Proportion 0.57 0.17 0.11 0.08 0.05 0.01 0.01 0.00   
 Quantity of Gestures Produced for both Age groups combined  
 
  
N=1518 0 1 2 3 4 5 6 7   
Count 786 305 190 124 71 24 15 3   





Hypothesis 1B: Spontaneous gesturing during encoding will be positively associated with 
immediate recall for both younger and older adults allowed to freely gesture 
 Table 17, M1 (Younger Group) shows that quantity of spontaneous gesturing at encoding 
only marginally did not significantly predicted immediate recall for the younger group (β = .12, p 
= .0554). Table 17 M2 (Older Group) shows that quantity of gesture significantly predicts 
immediate recall for the older group (β = .14, p = .049). The exponentiated β in these columns 
represents the odds that participants recalled a vignette depending on how often they 
spontaneously gestured. For example, if older adults gestured once, they were 1.15 times as 
likely to recall vignette than one that they had not gestured for; but if they gestured four times, 
they were 1.75 times as likely to recall the vignette. 
Table 17 Univariate mixed logistic regression models testing the significance of quantity of 
spontaneous gesturing to immediate recall of older and younger adults in the free gesture conditions. 
Independent  M1                       
Younger group 
only 
  M2                          
Older group 
only 
  M3                                
Both age 
groups 













ratio Variables (SE)   (SE) (SE) (SE) 
Quantity 0.12^   
(0.06) 
  












      
0.1     
(0.15) 
  




         
0.004     
(0.09) 
 
Constant -0.31  
(0.17) 
  
-0.49     
(0.07) 
  
-0.41    
(0.19) 
  
-0.41     
(0.20) 
 
































            
Observations N = 830 
 
N = 793 
 
N = 1,623 
 
N = 1,623 
Standard errors are in parentheses. The parentheses that follow the variance components show the 
percent of explained variance, as compared to the empty model 





Hypothesis 1C: Spontaneous gesturing during encoding will be equally positively associated 
with immediate recall for both younger and older adults allowed to freely gesture. 
We ran an interaction model to assess if there was a significant difference between the 
effects of gesturing on immediate recall between the two age groups. This model included the 
random effect terms (for Vignettes and Participants) and fixed factors for Quantity (coded as 
number of gestures produced), Age (dichotomous coded as younger or older) and the 
Gesture*Age interaction.  
 No significant interaction between age groups and the effects of spontaneous gesturing 
on immediate recall were found (β = -.004, p = .09). The effects of quantity of gesturing on 
immediate recall are similar for the older and younger adults. 
Hypothesis 1D: Spontaneous gesturing during encoding will be positively associated with 
delayed recall for both younger and older adults allowed to freely gesture. 
 Table 18, M1 (younger group) and M2 (older group) show that spontaneous gesturing at 
encoding significantly predicted delayed recall for both the younger group (β = .24, p = .007) and 
the older group (β = .44, p = .002). The exponentiated β shown represents the odds that 
participants recalled a vignette when they spontaneously gestured compared to when they did not 
gesture. This implies for example, that younger adults who gestured once are 1.27 times as likely 
to recall a vignette compared to once they did not gesture for, but 2.6 times as likely to recall one 
they gestured four times for. Moreover, older adults who gestured once are were 1.55 times more 
likely to recall a vignette at delay if they gestured once compared to not gesturing, but 5.8 times 








Hypothesis 1E: Spontaneous gesturing during encoding will be more largely positively 
associated with delayed recall for older adults than younger adults allowed to freely gesture. 
We also ran an interaction model to assess if there was a significant difference in the 
effect of Quantity on delayed recall between age groups. A significant interaction between age 
and the effects of gesturing on delayed recall (β = -.10, p <.001) was found as demonstrated by 
M4 in Table 18. 
This shows that younger adult quantity of gesture, while significantly predictive of 
delayed recall, is less predictive than with older adults. The effect of the quantity of gesturing on 
recall is larger for older adults (OR=1.43) than for younger adults (OR=1.29) who gestured once. 
Table 18  Univariate mixed logistic regression models testing the significance of quantity of 
spontaneous gesture to delayed recall of older and younger adults in the free gesture conditions. 
Independent  M1                       
Younger group 
only 
M2                          
Older group 
only 
M3                                














ratio Variables (SE)   (SE) (SE) (SE) 








0.29***    
(0.07) 
  




      
1.32***     
(0.34) 
  




         
-.10***   
(0.00) 
0.9 
Constant -1.93  




***   
(0.47) 
  





***    
(0.00) 
 
































            
Observations N = 830 
 
N = 793 
 
N = 1,623 
 
N = 1,623 
Standard errors are in parentheses. The parentheses that follow the variance components show the 
percent of explained variance, as compared to the empty model 





This becomes more obvious the older and younger adults gestured. For example, if participants 
gestured 4 times, the odds of recall for older adults would be 4.22 times larger than if they had 
not gestured, while for younger adults it is 2.83 times larger.  
Hypothesis 1F: Spontaneous gesturing during encoding will be more positively predictive of 
recall at a delay than at immediate recall for both younger and older adults allowed to freely 
gesture. 
We ran two interaction models to assess if there was a significant difference between the 
impact of gesture on recall across the two time points (Immediate Recall and Delayed Recall) for 
each of the younger and older adult groups. This model included the random effect terms (for 
Vignettes and Participants) and fixed factors for Quantity (Quantity of gesture dichotomously 
coded as gestured or not gestured), Occasion (dichotomous coded Immediate or Delay) and the 
Quantity*Occasion interaction. Similarly, to the interpretation of the model when Gesture was 
coded for as gesture or no-gesture, we find no significant interaction across time of recall for 
either the older group (β = -.107, p = .35). There was also no significant interaction between 
occasion and gesturing for the younger groups (β = .045, p = .258). 
4.1.4 Results for Hypothesis 1A-1F coding Gesture as Uniqueness of Gestures 
Hypothesis 1A: The occurrence of spontaneous gesturing at encoding for older and younger 
adults will be equal.  
When comparing the use of unique representational gestures, a Welch Two sample t-test 
test found no significant difference in the number of unique gestures produced by younger and 
older adults, t(541) = 0.14, p=.09. About 40% of the vignettes produced unique gestures. Of the 
vignettes for which unique gestures were produced 66% produced one unique gesture, 30% 





Hypothesis 1B: Spontaneous gesturing during encoding will be positively associated with 
immediate recall for both younger and older adults allowed to freely gesture. 
 Table 19, M1 (Younger Group) shows that quantity of unique gesturing at encoding 
significantly predicted immediate recall for the younger group (β = .40, p <.001). Table 19 M2 
(older group) shows that quantity of unique of gestures also significantly predicts immediate 
recall for the older group (β = .54, p <.001). The exponentiated β in these columns represents the 
odds that participants recalled a vignette depending on how often they spontaneously produced 
unique gestures. For example, if younger adults produced one unique gesture per vignette, they 
were 1.49 times as likely to recall a vignette than one that they had not gestured for; if they 
produced two unique gestures, they were 2.25 times as likely to recall the vignette. Older adults 
who produced one unique gesture per vignette, were 1.72 times as likely to recall vignette than 
one they had not gestured for; but if they produced two unique gestures, they were 2.94 times as 
likely. Unique gesturing may have a similar impact on immediate recall for both these groups. 
Table 19 Univariate mixed logistic regression models testing the significance of uniqueness of spontaneous 
gesture to immediate recall of older and younger adults in the free gesture conditions. 
Independent  M1                       
Younger group  
M2                          
Older group 
  M3                                
Both age groups 
M4 Interaction 











ratio Variables (SE)   (SE) (SE) (SE) 
















      
0.15     
(0.14) 
  




         
0.14     
(0.24) 
 
Constant -0.41    
(0.17) 
  
-0.62     
(0.24) 
  
-0.56     
(0.19) 
  
-0.53     
(0.20) 
 
Random effect terms 




















Observations N = 830 
 
N = 793 
 
N = 1,623 
 
N = 1,623 
Standard errors are in parentheses.  





Hypothesis 1C: Spontaneous gesturing during encoding will be equally positively associated 
with immediate recall for both younger and older adults allowed to freely gesture 
We ran an interaction model to assess if there was a significant difference between the 
effects of gesturing on immediate recall between the two age groups. This model, depicted in 
Table 19, M4, included the random effect terms (for Vignettes and Participants) and fixed factors 
for Unique gestures (coded as number of unique gestures produced), Age (dichotomous coded as 
younger or older) and the Gesture*Age interaction.  
 No significant interaction between age groups and the effects of unique spontaneous 
gesturing on immediate recall were found (β = -0.12, p = .47). It seems the effects of unique 
gesturing on immediate recall are similar for the older and younger adults. 
Hypothesis 1D: Spontaneous gesturing during encoding will be positively associated with 
delayed recall for both younger and older adults allowed to freely gesture. 
 Table 20, M1 (younger group) and M2 (older group) show that producing unique 
spontaneous gestures at encoding significantly predicted delayed recall for both the younger 
group (β = .53, p <.001) and the older group (β = .67, p <.01). The exponentiated β shown 
represents the odds that participants recalled a vignette based on their production of unique 
spontaneous gestures. This implies for example, that younger adults who produced one unique 
gesture are 1.7 times as likely to recall a vignette compared to ones they did not gesture for, but 
2.6 times as likely to recall one they produced two times for. Older adults who produced one 
unique gesture are 1.95 times more likely to recall a vignette at delay if they produced one 
unique gestured for compared to not gesturing, but 3.82 times as likely to recall a vignette they 





is much difference between age group although it looks like there might be a larger distinction 
between immediate and delayed recall for both groups.  
Table 20 Univariate mixed logistic regression models testing the significance of uniqueness of 
spontaneous gesturing to delayed recall of older and younger adults in the free gesture condition. 
Independent  M1                       
Younger group  
M2                          
Older group  
M3                                
Both age 
groups 
M4            
Interaction 











ratio Variables (SE)   (SE) (SE) (SE) 
















      
0.08     
(0.15) 
  




         
-0.12     
(0.17) 
 
Constant -1.97     
(0.30) 
  
-3.49     
(0.45) 
  
-0.56     
(0.19) 
  
-0.55     
(0.19) 
 
            
Random effect 
terms 




















            
Observations N = 830 
 
N = 793 
 
N = 1,623 
 
N = 1,623 
Standard errors are in parentheses. 
Note: * = p < .05, ** = p < .01, *** = p < .001 
 
Hypothesis 1E: Spontaneous gesturing during encoding will be more largely positively 
associated with delayed recall for older adults than younger adults allowed to freely gesture. 
We also ran an interaction model to assess if there was a significant difference between 
unique gestures impact on delayed recall for both age groups. This model, depicted in Table 20, 
M4, included the random effect terms (for Vignettes and Participants) and fixed factors for 
Quantity of gesture (coded as number of gestures produced, Age (dichotomous coded as younger 
or older) and the Gesture*Age interaction. No significant interaction between age and the effects 
of unique gesturing on delayed recall (β = -0.03, p =.89) was found. This implies that there was 





Hypothesis 1F: Spontaneous gesturing during encoding will be more positively predictive of 
recall at a delay than at immediate recall for both younger and older adults allowed to freely 
gesture. 
We ran two interaction models to assess if there was a significant difference between the 
impact of unique gesturing on recall across the two time points (Immediate Recall and Delayed 
Recall) for each of the younger and older adult groups. This model included the random effect 
terms (for Vignettes and Participants) and fixed factors for Unique (count of unique gestures 
produced), Occasion (dichotomous coded Immediate or Delay) and the Unique*Occasion 
interaction. Similarly, to the models using Gesture (coded as gesture or no gesture), and that of 
Quantity, we found no significant interaction of quantity of gesturing to occasion for the older 





















 Discussion and Conclusion 
5.1 Dissertation Rational, Design and Brief Summary of Findings 
5.1.1 Rational and General Research Questions 
The rational for this dissertation was to make a meaningful contribution to research on 
the amelioration of the episodic memory difficulties that come with aging. My interest was to 
find a practical and easily accessible aid to episodic memory recall for older adults.  More 
specifically, I looked at embodiment with older adults and questioned the possible benefits of 
using self-produced gestures at encoding to enhance episodic memory recall for this population. 
As such, my research reviewed the literature on gesturing and its relation to memory and recall 
with older adults.  
The literature review produced mixed results and, for the most part, citing theories of 
decreased embodiment and hindered working memory capacities with aging, findings suggested 
no impact of self-produced gestures to recall for older adults (Moffat, 2009; Seidler et. al., 2010, 
Ouwehand, & Paas, 2012). Or, at best, marginal impact under strict conditions (see Feyereisen, 
2009). I argued however that this may have been because of the studies’ designs. I concluded 
that a revisit to the question of self-produced gestures’ association with recall for older adults is 





manipulations to self-produced gesturing at encoding (ex. instructing participants to gesture) 
could improve recall for this population.   
As such, my overarching research questions were:  
• Research Question 1: Is spontaneous gesturing associated with immediate and 
delayed recall for younger and older adults? 
• Research Questions 2: Will instructing gesture benefit older adults recall, and will 
the effect be different for younger adults at immediate and delayed recall? 
5.1.2 Summary of Theoretical Underpinning and Literature Review 
Multiple theoretical frameworks and research designs contributed to the formulation of my 
Research Questions, and to my supposition that previous research showing gestures as having no 
significant impact on recall may be due to study design.  Literature on self-produced gesturing 
with younger adults and children shows benefits to recall with the use of meaningful self-
produced gestures (e.g. Allen, 1995, Tellier, 2008, Cook, Mitchell, & Goldin-Meadow, 2008). 
Self-produced gesture manipulations are thought to function through semantic elaboration which 
stipulates that the additional investment of cognitive effort through the integration of some 
aspect of self-generation, organization, or other congruent events to a learning task, improves 
learning and recall (Schulman 1974; Craik & Lockhart, 1972; Boers & Lindstromberg, 2009). 
Sweller’s (1988) Cognitive Load Theory (CLT) explains that semantic elaboration decreases the 
load on our limited working memory capacity by facilitating our ability to hold multiple items in 
mind, work with them, and as a result, increases our ability to retain them (Baddeley 2010; Chai, 
Hamid, & Abdullah, 2018; Paas, Renkl, & Sweller, 2003). 
Older adults are argued to have smaller working memory capacities than younger adults, 





memory recall for this population. Older adults’ memory for a list of words becomes comparable 
to that of a younger group when participants decided if a word represented something concrete or 
abstract (Logan et al, 2002), when older adults are provided with rich pictorial stimuli (Luo, 
Hendticks, & Craik, 2007), and more recently when older adults are asked to draw 
representations of words (Fernandes, Wammes, & Meade, 2018). These findings suggest that 
there are aspects of old age forgetting that can be reversed with little effort by the provision of 
effective elaborative cues. My interest was in whether or not self-produced gesturing (a readily 
available cue) can function as an elaborative strategy.  
Literature about gesturing with older adults was sparse and inconsistent. Theoretical 
arguments leaned on citing older adults as less embodied (that their cognitive and perceptual 
processes are less grounded in their sensorimotor capacities), concluding that adding gestural 
cues or asking adults to gesture may increase cognitive load in this population because they may 
not perceive the cues as meaningful when compared to their younger, more embodied, 
counterparts (Moffat, 2009; Seidler et. al., 2010, Ouwehand, & Paas, 2012).  
After reviewing the literature, I concluded that it may be the design of these studies that 
prohibited significant findings. Studies did not similarly control for variables contributing to 
variance in the cognitive performance of older adults: they defined ‘older adults’ differently and 
used different age groups, used inconsistent assessment of cognitive impairment, MCI, cognitive 
reserve, and health. Most importantly, whether or not the gesture manipulation used was 
meaningful to the task was questionable. Studies with younger adults and children emphasize the 
importance of gestures being meaningful to the task for improvements to cognition, learning or 
recall (e.g. Macedonia et. al., 2011; Cook, Yip, and Goldin-Meadow, 2012;). This is generally 





meaningful, or related, it would lead to cognitive overload and decreased performance. 
Additionally, studies with older adults have demonstrated that older adult’s cognition is even 
more negatively affected by the addition of elaborative cues considered distracting, or unrelated 
to the task (e.g. Rowe, Valderrama, Hasher, & Lenertowicz, 2006; Heally, Campbell, & Hasher, 
2008; Poliakoff et. al. 2006; Laurenco & Maylor, 2015).   
As such, I ran a study with a better defined older adult group and used a previously 
established meaningful instance of gesture by looking to the design of studies conducted with 
children and adults. I used standardized assessments for Health and MCI and controlled for 
Cognitive Reserve by controlling for Education and Age. Additionally, I adopted Cook, Yip, and 
Golden-Meadow (2010)’s design so that I could use a previously vetted meaningful instance of 
gestures with an older population.  
5.1.3 Main Findings 
Research Question 1: Is spontaneous gesturing associated with immediate and delayed recall for 
younger and older adults? 
As hypothesized, spontaneous gesturing predicted immediate and delayed recall for 
younger and older adults. These effects were similar for younger and older adults at immediate 
recall but stronger for older adults at delayed recall. This insinuates that the significance of 
spontaneous gesturing to recall is not lost on older adult populations although they may appear in 
some ways to be less embodied. 
When coding gestures as dichotomous (gestures vs did not gesture - 0/1) our models 
show that spontaneous gesturing similarly predicts recall for younger and older adults at 
immediate recall. The interpretation of our model coefficients insinuates that spontaneous 





the delayed timepoint, but the models were not powered to demonstrate a significant interaction. 
The significant effects of spontaneous gesturing to recall were highlighted when we coded 
gestures as a count variable (the quantity of spontaneous gestures produced while participants 
described each vignette). In these models, we found that the quantity of gestures produced not 
only impacted recall, but that the more participants gestured, the more likely they were to recall 
the vignettes (regardless of age groups and time of recall). Moreover, when coding for gestures 
in this way we found particular significance for older adults compared to younger adults at 
delayed recall. We argue that the model is better powered to demonstrate this outcome, and that 
coding gestures as a count variable highlights the fact that quantity of spontaneous gesturing, and 
not only the act of gesturing, has a significant impact on episodic memory recall – particularly 
for older adults. The same was found when gestures were coded as the number of unique 
gestures produced. Our models show that the quantity of unique gesturing produced is 
significantly more likely to predict recall for older adults than for younger adults after time.  
Research Question 2: Will instructing gesture benefit older adults recall, and will the effect be 
different for younger adults at immediate and delayed recall? 
As hypothesized, instructing participants to gesture and comparing their recall to 
participants left to freely gesture, was not significant for younger adults at either timepoints, was 
not significant for older adults at immediate recall, but was significant for older adults at delayed 
recall. Older adults recall more vignettes at delayed recall if you instruct them to gesture when 
compared to a group left to gesture freely. This means that, as hypothesized, instructing older 
adults to gesture at encoding can serve as a semantic cue and improving long term memory recall 





This is a particularly important finding given our design, because unlike the majority of 
studies in the gesture literature we do not compare instructed gesture groups to forced-no-gesture 
groups. Instead, we compare conditions that can lead to more generalizable conclusions: 
comparing an instructed gesture group to a group left to gesture freely. This allows us to 
repudiate the argument that any significance found may be due to a decrease in recall in the 
control group (often forced not to gesture). Instead, we are able to conclude not only that 
gestures significantly impact recall, but more specifically, that instructing older adults to gesture 
at encoding when describing action events increases memory recall at a delayed timepoint. 
5.2 Research Questions, Hypothesis and Outline of Support 
Table 6 bellow spells out our individual Research Questions 1A-1F (addressing Research 
Question 1), Research Questions 2A-2F (addressing Research Question 2), our hypothesis, and 





Table 21 Research questions and hypotheses   
Research question Hypothesis Conclusion Hypothe
-sis 
outcome 
RQ1A: For participants in the free 
gesture condition, is the 
occurrence of spontaneous 
gesturing equal for older and 
younger adults? 
The occurrence of spontaneous 
gesturing at encoding for older 
and younger adults will be 
equal. 
Yes - both gesture about 
50% of the time. 
Participants produced on 




RQ1B: For participants in the free 
gesture condition, does 
spontaneous gesturing during 
encoding predict immediate 
recall? 
Spontaneous gesturing during 
encoding will be positively 
associated with immediate 
recall for both younger and 
older adults allowed to freely 
gesture. 
Yes - spontaneous 
gesturing improved 
immediate recall for 
younger & older adults. 
The more that older adults 
gestured the larger the 
odds they recalled a 
vignette. Table 9 
T 
RQ1C: For participants in the free 
gesture condition, does the effect 
of spontaneous gesturing during 
encoding on immediate recall vary 
for younger and older adults? 
Spontaneous gesturing during 
encoding will be equally 
positively associated with 
immediate recall for both 
younger and older adults 
allowed to freely gesture (i.e., 
no significant interaction 
between age and gesture) 
No - the effect on recall 
was similar for older and 




RQ1D: For participants in the free 
gesture condition, does 
spontaneous gesturing during 
encoding predict delayed recall? 
Spontaneous gesturing during 
encoding will be positively 
associated with delayed recall 
for both younger and older 
adults allowed to freely gesture. 
Yes - spontaneous 
gesturing predicts delayed 
recall for younger & older 
adults. 
The more both groups 
gestured the larger the 
odds they recalled. This 
effect is larger for older 
adults. Table 10 
T 
RQ1E: For participants in the free 
gesture condition, does the effect 
of spontaneous gesturing during 
encoding on delayed recall vary 
for younger and older adults? 
Spontaneous gesturing during 
encoding will be more largely 
positively associated with 
delayed recall for older adults 
than younger adults allowed to 
freely gesture (i.e., there is a 
significant interaction between 
age and gesture). 
Yes – The effect of 
spontaneous gesturing on 
recall looks similar for 
older and younger adults 
at delayed recall when 
gesture was coded as a 
dichotomous variable. But 
when we coded gesturing 
as a count variable, we 
find that spontaneous 
gesturing has a larger 
effect on delayed recall for 
older adults. Table 10 & 
Table 18 
T 
RQ1F: For participants in the free 
gesture condition, does the effect 
of spontaneous gesturing during 
Spontaneous gesturing during 
encoding will be more 
positively predictive of recall at 
No - the effect on recall 







encoding on recall vary for 
immediate vs delayed recalled?  
a delay than at immediate recall 
for both younger and older 
adults allowed to freely gesture. 
younger adults across time 
points. Table 11 
 
RQ2Ai: Are there differences in 
immediate recall between younger 
and older adults? 
At immediate recall, the same 
number of vignettes will be 
recalled by older and younger 
adults. 
No- both age groups 
recalled about 50% of 
vignettes. Table 14 
T 
RQ2Aii: Are there differences in 
immediate recall between the 
instructed and free gesture 
conditions? 
At immediate recall, the same 
number of vignettes will be 
recalled in the instructed and 
free gesture conditions. 
No - both conditions 
recalled the same number 
of vignettes. Table 14 
 
T 
RQ2Aiii: Does the effect of age 
(young vs old) on immediate recall 
vary based on the instructed and 
free gesture conditions? 
At immediate recall, the effect 
of age on immediate recall does 
not depend on group 
assignment (i.e., no significant 
interaction between age and 
group). 
No – there was no 
interaction. The effect of 
age on recall does not 





RQ2Bi: Are there differences in 
delayed recall between younger 
and older adults? 
At delayed recall, older adults 
will recall less than younger 
adults. 




suggest this is a 
power issue and 
that there are 
different effects 
for older and 






than those left to 
freely gesture  
 
Younger adults 
have no difference 




RQ2Bii: Are there differences in 
delayed recall between the 
instructed and free gesture 
conditions? 
At delayed recall, the instructed 
gesture group will recall more 
vignettes (but note I 
hypothesize there is a 
significant interaction between 
age and group). 
Yes T 
RQ2Biii: Does the effect of age 
(young vs old) on delayed recall 
vary based on the instructed and 





Older adults instructed to gesture 
at encoding will show more 
benefits to recall than younger 
adults instructed to gesture. 
[Younger adults instructed to 
gesture will recall the same 
number of vignettes as those 
allowed to freely gesture, but 
older adults instructed to gesture 
will recall more than those 






Unique Vs Quantity 
The correlation between the coding of gestures as Unique and Quantity was very high, r = 
.73. As a result, the differences in their interpretation are mostly not significant. The one 
occasion where outcomes differed between the two was in the significance found for Hypothesis 
1B - answering the question of whether or not spontaneous gesturing significantly predicts 
immediate recall for younger adults. The model analyzing Unique showed significance while the 
model using the variable Quantity was marginally insignificant. Since, the original model coding 
gesture as dichotomous (0/1) also found significant effects of spontaneous gesturing for younger 
adults at immediate recall, I mainly discuss additional findings from the Quantity analysis as it 
provides the most variance in outcomes. Also, this variable, by definition, includes all the 
Unique variable data. The Quantity analysis was generated by coding for all instances of 
meaningful gesture, this encompasses all unique instances, as well as additional instances of the 
same gesture. 
5.2.1 Research Question 1 
Hypothesis 1A: The occurrence of spontaneous gesturing at encoding for older and younger 
adults will be equal.  
  No significant difference in the quantity of spontaneous representational gestures 
produced by younger and older adults was found. Both younger and older adults produce 
gestures for about 50 % of the vignettes, this is comparable to Cook, Yip and Goldin-Meadow’s 
(2010) finding whereby the younger group produced gestures 47% of the time. In our study 
Younger adults gestured for 51.5% of the vignettes and older adults gestured for 46.5%.   
Previous studies that investigated gesture production found that older adults 





But these were in natural conversational conditions and did not necessarily frame conditions 
around actions which are known to produce more iconic gestures. As such, it may be that 
because these were action vignettes, known to prompt representational gestures, they prompted 
older adults to use more representational gestures than usual. This is supported by the finding 
that although older adults have been found to use less representational gestures than young adults 
their overall gesture frequency (or the use of non-representational gestures) was comparable 
across these groups (Cohen & Borsoi, 1996; Feyereisen & Harvard, 1999; Arslan & Goksun, 
2021). So, it may be something about the action vignettes that prompted them to use 
proportionally more meaningful gestures. 
Hypothesis 1B: Spontaneous gesturing during encoding will be positively associated with 
immediate recall for both younger and older adults allowed to freely gesture. & 
Hypothesis 1C: Spontaneous gesturing during encoding will be equally positively associated 
with immediate recall for both younger and older adults allowed to freely gesture 
Spontaneous gesturing at encoding significantly predicted immediate recall for both the 
younger group and the older groups allowed to freely gesture. Spontaneous gesturing at encoding 
was equally positively associated with immediate recall for younger and older adults allowed to 
freely gesture. Younger adults who gestured recalled about 52% of the vignettes they gestured 
for, but only 40% of those that they did not gesture for. Similarly, Older adults recalled 46% of 
the vignettes they had gestured for, but only 39% of those that they did not gesture for.  For the 
younger group the odds of immediate recall are 1.64 times greater when they spontaneously 
gestured when describing a vignette than if they had not gestured.  Similarly, the odds of 





describing it during encoding. This demonstrates that older adults may be just as embodied as 
younger adults when it comes to self-produced gesturing and immediate recall.  
Assessing gesture by counting the number of gestures (Quantity) also showed that the 
more that older adults gestured, the more they recalled a vignette. For example, if older adults 
gestured once, they were 1.15 times as likely to recall vignette than one that they had not 
gestured for; but if they gestured four times, they were 1.75 times as likely to recall the vignette. 
 Note that this odds ratio is a little lower than the findings from the previous in-person 
pilot data described in Chapter 2, whereby the odds of recall were about 2.04 times larger for the 
younger group who spontaneously gestured compared to the odds ratio of 1.64 that we found in 
this study. This slight discrepancy may be attributed to the online format of this study or to the 
sample size. It may be argued that something about the online format may affect the impact of 
gesturing (including the quality/meaningfulness/vigor of gestures produced which we did not 
assess in this study- see limitations and future directions). 
Hypothesis 1D: Spontaneous gesturing during encoding will be positively associated with 
delayed recall for both younger and older adults allowed to freely gesture. & 
Hypothesis 1E: Spontaneous gesturing during encoding will be more largely positively 
associated with delayed recall for older adults than younger adults allowed to freely gesture. 
 Spontaneous gesturing during encoding significantly predicted delayed recall for both 
younger and older adults allowed to freely gesture. Spontaneous gesturing during encoding was 
more largely positively associated with delayed recall for older adults than younger allowed to 
freely gesture. At delayed recall, younger adults recalled about 26% of the vignettes they had 
gestured for, but only 18% of those they did not gesture for. Similarly, Older adults recalled 10% 





odds of recalling a vignette at delay were 1.61 times greater when younger adults spontaneously 
gestured when describing a vignette than if they had not gestured.  For older adults, the odds of 
delayed recall were 2.33 times greater when older adults spontaneously gestured while 
describing vignettes during encoding. While our interaction model did not show significance, 
interpreting each model separately insinuated that gesturing may be more associated with recall 
for older adults than younger adults. Our design was not powered to run interaction models, so it 
may be for this reason that we do not find significance in the interaction model.  
However, looking at the data interpreting quantity of gestures produced per vignette we 
found not only that both younger and older adults memory benefits from increased gesturing at a 
delay, but we also found significance in our interaction model indicating that additional gesturing 
improved recall more for older adults than for younger adults. To illustrate, younger adults who 
gestured once were 1.30 times as likely to recall a vignette, but 2.83 times as likely to recall one 
they gestured four times for.  On the other hand, older adults who gestured once were 1.43 times 
more likely to recall a vignette at delay if they gestured once, but 4.22 times as likely to recall a 
vignette they gestured for four times. The significant interaction between age and quantity of 
gesturing supports the claim that, as hypothesized, younger adult quantity of gesture, while 
significantly predictive of delayed recall, is less predictive than for older adults. The effect of the 
quantity of gesturing on recall is larger for older adults than for younger adults who gestured 





Hypothesis 1F: Spontaneous gesturing during encoding will be more positively predictive of 
recall at a delay than at immediate recall for both younger and older adults allowed to freely 
gesture. 
There was no significant evidence that spontaneous gesturing during encoding was more 
positively associated with delayed recall than immediate recall for either younger or older adults 
allowed to freely gesture. We conclude that in our study spontaneously gesturing predicted 
immediate and delayed recall equally for both groups. This however contradicts research with 
younger adults that often finds a significant increase in gestures’ association to recall at delayed 
recall (Cook, Yip, & Goldin-Meadow, 2010). Because of this we expected that gesturing would 
be more predictive of delayed recall, and since we found particular significance of self-produced 
gesturing to recall with older adults, we hypothesized that the usual increase in association at 
delay might be heightened for older adults. It’s important to point out, as will be discussed in the 
future directions and limitations section, that our design was not powered to run the three-way 
interaction necessary for assessing changes in recall for groups across time. 
 Interestingly, if we look across our models for immediate and delayed recall for each age 
group individually (Table 9, M1, and Table 10 M1 for the younger groups; and Table 9 M2 and 
Table 10 M2 for the older groups) it looks as though the effect for the older group at delay may 
be greater than at immediate recall. There was no difference in effect size of gesturing for the 
younger group from immediate recall (β = .49, p = .004) to delayed recall (β = .47, p = .045). 
However, if we compare the effects in our original models of immediate recall (β = .36, p = .004) 
to delayed recall (β = .85, p = .027) for older adults, the effect for delayed recall looks larger. If 





immediately recalling a vignette are 1.43 times greater when you spontaneously gesture, but the 
odds of recalling at a delay are 2.33 times greater if you gestured. 
5.2.2 Research Question 2 
Hypothesis 2A: At immediate recall: 
i. the same number of vignettes will be recalled by older and younger adults. 
ii. the same number of vignettes will be recalled in the instructed and free recall conditions. 
iii. the effect of age on immediate recall does not depend on group assignment  
 Group assignment, i.e instructing participants to gesture, showed no significant effect 
on immediate recall for either the older or the younger groups. Both younger and older adults 
recalled the same number of vignettes at immediate recall, and this did not differ by condition.   
As hypothesized, there was no significant interaction between age (younger or older) and 
condition (instructed vs free gesture). As such we interpret the main effects (iv) and (v) 
separately.  
(iv) We found that younger adults and older adults recalled the same number of vignettes 
at immediate recall. Younger adults allowed to freely gesture recalled 54% of vignettes and 
younger adults instructed to gesture recalled 53% of the vignettes, Older adults allowed to freely 
gesture recalled 42% of the vignettes, which is the same percent as those asked to gesture.  
(v) As hypothesized, there was no difference in the number of vignettes immediately 
recalled if you were instructed to recall or left to freely recall across both age groups. We found 
no significant effect of instructing gesture on immediate recall for younger adults (β = -.04, p = 
.96) or for older adults (β = -.01, p = .99).   
This is consistent with the literature that shows that older adults’ forgetting increases over 





immediate recall. This would also mean that, just as younger adults may not benefit from the 
instruction to gesture, older adults, who are performing similar to younger adults at immediate 
recall, would also not show improvements to recall.  It’s important to highlight here that it was 
also expected that younger adults would not benefit from being instructed to gesture as unlike 
many other studies, we compare our instructed gesture groups to free gesture groups. While there 
have been studies (highlighted in chapter two) that do show improved recall with instructing 
gesture when compared to a free gesture group, most studies choose not to use this design based 
on the knowledge that often insignificance is found. 
Hypothesis 2B: At delayed recall: 
i. older adults will recall less than younger adults. 
ii. the instructed gesture group will recall more vignettes (but note I hypothesize there is a 
significant interaction between age and group). 
iii. older adults instructed to gesture at encoding will show more benefits to recall than 
younger adults instructed to gesture. [Such that - younger adults instructed to gesture 
will recall the same number of vignettes as younger adults allowed to freely gesture, but 
older adults instructed to gesture will recall more vignettes than older adults allowed to 
freely gesture.] 
As hypothesized, younger adults instructed to gesture recalled the same number of 
vignettes as younger adults allowed to freely gesture, but older adults instructed to gesture 
recalled more vignettes than older adults allowed to freely gesture. In our model assessing if 
instructing gesturing had an effect on delayed recall for younger adults when compared to a 





running the same model for older adults, we found a significantly positive effect of instructing 
gesture to recall of vignettes (β = .60, p <.001).  
Older adults recalled significantly less vignettes than younger adults at delayed recall. 
However, as hypothesized, the instruction to gesture improved older adults recall from 9% to 
13%, while instructing younger adults to gesture showed no significant difference to recall. 
Younger adults allowed to freely gesture recalled 22% of vignettes, and 23% of the vignettes 
when instructed to gesture.  
It is important to note however that when running these as an interaction model between 
age and condition we found no significant interaction.  This seems counterintuitive since the 
models ran separately suggested that younger adults recall was not affected by instruction to 
gesture while older adults recall significantly improved. This outcome may have again been a 
power problem, which we have mentioned earlier and will discuss again in our limitations and 
future section. Looking at each model separately we find our hypothesis to be true: while 
younger adults are just as likely to recall vignettes at delayed recall whether they were instructed 
to gesture or not, older adults recall improves with instruction. Specifically, the odds of recalling 
a vignette are 1.82 times larger for older adults who were instructed to gesture than those where 
were left to freely gesture at delayed recall. We suspect that as with the interpretation of 
spontaneous gesturing, that coding for quantity of gesturing may have improved power and 
provided richness to the data analysis. Unfortunately, as we did not design the study to do so we 





5.3 Limitations and Future Directions 
5.3.1 Population, Sample Size, Online Format 
Our more complex interaction models were underpowered due to sample size and 
simplicity of variables. In order to run complex interaction models, it will be beneficial to run 
similar studies with a larger number of participants as our sample size limited our ability to run 
complex interactions particularly when adding a three-way interaction to assess possible changes 
in the predictive effect of gesturing across time points. Using gesture as a count variable added 
richness to the data but also helped with this power issue, it could be beneficial to consider 
running gesture in this format for future research.  
Our younger participant group also had a significantly larger number of Asian participants 
than the older group. Culture may affect gesturing. The consistency of our outcomes with other 
research (consistency in average number gestures produced by both groups) suggest however 
that this may not have had an effect on our outcomes. This may be because of the nature of the 
vignettes as being particularly prone to induce action gestures. One thing to consider however is 
that younger adult second language learners have been found to benefit more from gesturing than 
first language learners and to produce more gestures. Gullberg (1998) found that second 
language learners tend to produce more gestures than in L1. Goldin-Meadow (2003) argues that 
gestures help to convey meaning compensating for speech difficulties; when gestures are 
produced when second language learners try to learn words and phrases it enhances their 
memory for these words and phrases (Zimmer et al., 2001). Similarly, Kang, Hallman, Son & 
Black (2013) showed that language proficiency moderated comprehension of videos when 
comparing videos with and without additional gesture such that second language learners benefit 





younger groups demonstrated higher benefits of spontaneous and instructing gesturing to recall 
than if they were more predominantly first language English learners.  In other words, it’s 
possible that if our older adult groups were compared to groups of younger adults with more first 
language learners, we may have seen larger differences between younger and older adults – older 
adults may have seen even larger effects for gesture when compared so such a younger adult 
group. Regardless, it is important to consider cohort issues that are not attenuated by 
randomization and we suggest language proficiency to be considered in future studies.  
Lastly, it’s important to highlight that as this research was conducted during covid-19 and 
conducted in an online format over zoom, it’s hard to predict differences that may have occurred 
in an in-person format.  There may be something about the online format that changes gestures’ 
use and their impact on recall. This is a new and interesting avenue for future research. 
5.3.2 Future Directions and Implications Continued 
First and foremost, this study suggests a revisit to gesture literature with older adults. Not 
only do we suggest more studies on the possible benefits of self-produced gesturing and episodic 
memory recall, but also an extension to other areas linking gesture with cognition and aging. Our 
study suggests, contrary to some current theoretical arguments, that older adults may perceive 
gesturing to be just as meaningful, if not more meaningful than younger adults do. This suggests 
that even if older adults seem less embodied, they have not lost the association of gesturing to 
cognition and more specifically episodic memory recall. Our finding that older adults delayed 
recall is improved when we instruct them to gesture, (although younger adults recall is not 
improved), implies that apparent decreases in embodiment with aging, similar to decrease in 
recall, may not be a permanent state. Instead, older adults may just need to be reminded of this 





the robust research with children and adults to ensure study designs use meaningful instances of 
gesture.  
Our choice of conditions: Free Gesture vs Instructed Gesture allows us to make more 
generalizable conclusions than the more common format of ‘Forced No Gesture vs Instructed 
Gesture’. We can make conclusions about the benefits of the act of additional gesturing 
compared to the natural gesturing state. This is particularly useful. To allow for more genuine 
and practical extrapolations of research on gesturing it would be beneficial to consider more 
readily using a free gesture group as a control in literature with younger adults and children too. 
Using this grouping, our younger group did not demonstrate differences between group. Our 
literature review demonstrated that most research with younger adults and children compare to a 
forced-no gesture group, as described earlier, this begs the argument of whether or not the 
forced-no gesture group experiences some hindrance to cognition because of the unnatural state 
of forcing one not to gesture. A few of the more recent studies described in the literature review 
have used free gesture conditions, and also compared gestures to other sematic cues, this 
research provides more practical insights, and we suggest adopting this format more readily (see 
Mayer, Yildiz, Macedonia & Von Kriegstein, 2012). 
Arguments for the particular benefit of body movement and gesture are often supported 
by Embodied Cognition, as described in the literature review. To reiterate, while this framework 
may further support the use of gesture as a cue for memory when compared to other forms of 
semantic elaboration, our research as designed cannot not argue for the use of gesture as a means 
of arguing for Embodied Cognition as a framework over other frameworks of thought like 
Cognitivism, for example. My design only allows me to conclude that gesturing and instructing 





facilitating encoding of information for older adults who experience difficulties in self-initiating 
memorization strategies. It does not allow me to extrapolate in support of Embodied cognitive, 
that there is something particular about the gesture that may be more meaningful that other cues 
considered to be less embodied. To give insight to the argument of embodied cognition would 
involve creating other conditions with similarly novel and complex elaborative cues varying the 
level at which those cues can be considered embodied and comparing performance across 
groups.  
Importantly, we also suggest that research use more generalizable conditions and control 
for older adult groups considering health, age, MCI and other aspects of aging that can affect 
Cognitive Reserve. Given the additional richness found when coding gestures as a continuous 
















Gestures have been shown to enhance memory recall for children and adults, but little 
research has investigated the benefits of gesturing to recall in older adult populations. While 
theory suggests that older adults may be less embodied, and literature generally suggests no or 
little impact of self-produced gestures to recall with older adults. We found that spontaneous 
gesturing while describing an episodic event (action vignettes) is just as predictive of recall for 
older and younger adults. In our study design we controlled our older adult population to provide 
more consistency, and we looked to the more robust literature with children and adults for a 
meaningful association between gesturing and the task.  Our findings indicate that spontaneous 
gesturing may be just as significant to episodic memory for older adults as it is for younger 
adults and suggests that older adults may still process information from self-produced gestures 
similarly to younger adults. 
We also found that asking older adults to gesture, when compared to a group left to freely 
gesture, increased older adults overall recall of vignettes at a delayed timepoint.  The same 
increase to recall was not found for younger adults. These findings demonstrate that asking older 
adults to gesture may be a beneficial episodic memory aid for older adults and invites more 
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Train moves into fenced corral 
Horse kicks seacaptain 
Motorcyclist moves to motorcycle 













Appendix B: Instructions 
Instruction for Free Gesture Condition 
For this study you will view 26 short clips. After every short clip you will see the words “Pause-
Describe”. When you see these words, please describe the clip you saw in one or two sentences.  
 
Please let me know when you are ready to move to the next screen by saying “next”. 
 
Importantly, it has been shown that people explain better if they focus carefully on their 
explanations.  
 
For the next 26 videos, I would like you to focus on your explanation. 
 
Please try to focus while explaining the videos when you see the words “Pause-Describe”. And 
then say “next” when you are ready for the next video. 
 
Instruction for Instructed Gesture Condition 
For this study you will view 26 short clips. After every short clip you will see the words “Pause-
Describe”. When you see these words, please describe the clip you saw in one or two sentences.  
Please let me know when you are ready to move to the next screen by saying “next”. 
Importantly, it has been shown that people explain better if they focus carefully on their 
explanations.  
One way to increase focus is to use your hands meaningfully while explaining (using movements 
that are related to the motion, or parts of the images).  
For the next 26 videos, I would like you to use your hands meaningfully while explaining. 
Please try to use your hands to add meaningful movements while explaining the videos when 
you see the words “Pause-Describe”. And, say “next” when you are ready for the next video. 
 
